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Abstract 
Several fringing coral reefs in Moreton Bay, Southeast Queensland, some 
300 km south of the Great Barrier Reef (GBR), are set in a relatively high latitude, 
estuarine environment that is considered marginal for coral growth. Previous work 
indicated that these marginal reefs, as with many fringing reefs of the inner GBR, 
ceased accreting in the mid-Holocene. This research presents for the first time data 
from the subsurface profile of the mid-Holocene fossil reef at Wellington Point 
comprising U/Th dates of in situ and framework corals, and trace element analysis 
from the age constrained carbonate fragments. Based on trace element proxies the 
palaeo-water quality during reef accretion was reconstructed. Results demonstrate 
that the reef initiated more than 7,000 yr BP during the post glacial transgression, 
and the initiation progressed to the west as sea level rose. In situ micro-atolls indicate 
that sea level was at least 1 m above present mean sea level by 6,680 years ago. The 
reef remained in “catch-up” mode, with a seaward sloping upper surface, until it 
stopped aggrading abruptly at ca 6,000 yr BP; no lateral progradation occurred. 
Changes in sediment composition encountered in the cores suggest that after the 
laterite substrate was covered by the reef, most of the sediment was produced by the 
carbonate factory with minimal terrigenous influence. Rare earth element, Y and Ba 
proxies indicate that water quality during reef accretion was similar to oceanic 
waters, considered suitable for coral growth. A slight decline in water quality on the 
basis of increased Ba in the later stages of growth may be related to increased 
riverine input and partial closing up of the bay due to either tidal delta progradation, 
climatic change and/or slight sea level fall. The age data suggest that termination of 
reef growth coincided with a slight lowering of sea level, activation of ENSO and 
consequent increase in seasonality, lowering of temperatures and the constrictions to 
oceanic flushing. At the cessation of reef accretion the environmental conditions in 
the western Moreton Bay were changing from open marine to estuarine. The living 
coral community appears to be similar to the fossil community, but without the 
branching Acropora spp. that were more common in the fossil reef. In this marginal 
setting coral growth periods do not always correspond to periods of reef accretion 
due to insufficient coral abundance. Due to several environmental constraints modern 
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coral growth is insufficient for reef growth. Based on these findings Moreton Bay 
may be unsuitable as a long term coral refuge for most species currently living in the 
GBR. 
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 Chapter 1: Introduction 1 
Chapter 1: Introduction 
The fringing coral reefs in Moreton Bay, Southeast Queensland are the 
southernmost fringing reefs adjacent to the Australian mainland and are considered 
to represent a marginal setting for reef development (Hopley 1982; Perry and 
Larcombe 2003). Previous work on reefs in Moreton Bay (e.g. Lovell 1975; Flood 
1978; Hekel et al. 1979; Lovell 1989) indicated that fringing coral reefs in the 
western part of the bay have been present for the past 7,500 years. The reefs have 
grown up to 7 m thick and were dominated by fast growing branching corals, such as 
Acropora (Wells 1955). However, the reefs in the western bay have reportedly 
undergone changes in dominant species and coral cover, and reef accretion has 
ceased (Fairbridge 1950; Wells 1955; Flood 1978). Today the fossil fringing reefs in 
Moreton Bay are partly covered by a relatively small amount of living coral growth 
of insufficient quantity to positively contribute to the horizontal or vertical accretion 
of the reef (Neil 1998) or they have no coral cover at all. The fossil reef mass was 
built mainly by branching acroporid corals, which are covered by a sparse living 
coral cover of mainly faviids, Goniopora and Turbinari species with massive, 
encrusting or foliose growth form (Wells 1955; Flood 1978; Harrison et al. 1991; 
Wallace et al. 2009). 
The decline of the reefs and the apparent coral community change previously 
was attributed to apparent sea level fall at about 3,000 years before present (yr BP), 
which left part of the reef as an “emergent reef” (Flood 1978). Environmental 
changes, including increased sediment load, which may have coincided with the 
postulated sea level and climatic changes, also have been postulated as mechanisms 
that turned off mid-Holocene reef accretion (Jones et al. 1978; Neil 1998; Johnson 
and Neil 1998a; Lybolt et al. 2010). 
Wells (1955) compared fossil and living coral species within the fringing reefs 
of the bay to coral occurrences farther south along the coast and to those in the 
southernmost extent of the Great Barrier Reef (GBR). He summarised previously 
unpublished works and proposed that the fringing reefs of Moreton Bay are likely to 
be an „outpost of Great Barrier Reef coral fauna’ living in unfavourable conditions. 
He identified low average water temperatures and lack of suitable substrate as the 
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main factors hindering reef development in the bay. Based on the elevation of the 
reefs and the typical habitat occupied on the GBR by the fossil corals species of 
Moreton Bay, Wells (1955) also suggested that the decline of the corals could be due 
to a lowering of sea level. 
Previous data from Moreton Bay have been based largely on fossil coral 
samples collected on the surface or from dredged material (Fairbridge 1950; 
Flood 1983, Lybolt et al. 2010). Existing Moreton Bay coral age data are considered 
sporadic and discontinuous. Coral samples collected commonly were not well 
documented regarding location, elevation and growth position (Flood 1983, 1984), 
and the abundant age data of Lybolt et al. (2010) represent a random sample. These 
samples are useful indicators of the timeframe in which the various coral species 
occurred in the bay but are less useful for accurately defining possible colonisation 
time or timing of postulated species changes or for determining the reasons for the 
changes. 
Interestingly, the mid-Holocene decline of corals and cessation of reef 
accretion, as reported for the Wellington Point reef, was apparently widespread in the 
western Pacific region (e.g. Buddemeier and Hopley 1988; Cabioch et al. 1995; 
Kennedy and Woodroffe 2002), in the eastern Indian Ocean (Twiggs and Collins 
2010) and around Hawaii (Rooney et al. 2004). While several controls were invoked 
for this well documented demise of mid-Holocene fringing reefs (e.g. sea level fall, 
increased turbidity, onset of the ENSO, etc.) the reasons are not well understood (van 
Woesik et al. 1999; Montaggioni 2005; Smithers et al. 2006). Hence, the study of 
reef demise in Moreton Bay potentially occurs within a much wider context. 
Considering the accessibility of the Moreton Bay reefs, their proximity to a 
major city and their significance as reefs living near their ecological limits, both 
latitudinally and in regard to environmental conditions, these reefs appear less well 
understood than similar reefs that occur elsewhere. Known data from Moreton Bay 
are composed of a significant amount of fragmented, mainly descriptive information 
with attempts to synthesise (Flood 1984; Neil 1998; Johnson and Neil 1998a). In 
spite of this, the history of reefs in Moreton Bay is speculative, based on incomplete 
data and comparisons with histories of reefs elsewhere along eastern Australia. 
Review of the existing available literature indicated that the main data gaps are 
in the following areas: 
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 Accurate coral age data, especially with surface elevation that can be used 
to reconstruct past sea levels with confidence, including maximum sea 
levels achieved during the post glacial transgression (e.g. Flood 1983; 
Hopley et al. 2007) 
 Stratigraphically located subsurface coral age data that can be used to 
estimate timing of reef initiation, rates of reef accretion and potential 
changes in reef species composition (e.g. Lovell 1975; Jones et al. 1978; 
Hopley 1983; Flood 1984) 
 Trace element (e.g. rare earth element – REE plus Y and Ba) data from 
various reef growth stages that would allow inferences on past 
environmental conditions (e.g. Fallon et al. 2002) 
 Morphological classification of the Moreton Bay fringing reefs, especially 
in comparison with fringing reefs from near shore and off shore areas of 
the GBR (Hopley and Partain 1986; Smithers et al. 2006; Hopley et al. 
2007). 
This research is aimed at determining the environmental factors that may have 
controlled the postulated changes in reef communities and facies during mid-
Holocene time. The aim of the research was to establish the relationship between 
timing of sea level change, environmental conditions and the apparent change in 
dominant reef building coral species and abundance of coral cover at the Holocene 
fringing coral reef at Wellington Point, Moreton Bay (Figure 1-1). 
This research also compared morphological characteristics of the sub-tropical 
marginal fringing reef at Wellington Point with the characteristics used for 
classification of the fringing reefs farther north in the GBR (Hopley and Partain 
1987; Kennedy and Woodroffe 2002; Smithers et al. 2006). Although the climatic 
conditions in Moreton Bay appear to be different to those in the near shore GBR, 
substrate availability and water quality/turbidity may have been similar. Fringing 
reefs that may be comparable with the Wellington Point reef include those of 
Magnetic Island (e.g. Collins 1986), Rodney Island (Saenger 1986), Cape Tribulation 
(e.g. Ayling and Ayling 1986; Partain 1986) and Halifax Bay (e.g. Woolfe and 
Larcombe 1998). Location of Moreton Bay relative to the GBR is shown on 
Figure 1-2 below. 
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Figure 1-1 Regional setting of Moreton Bay (Compiled from data available from DNRME 
2004 and Geoscience Australia 2004). 
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Figure 1-2 Location of Moreton Bay relative to the GBR. The Wellington Point reef is about 
500 km to the south of the southern most GBR reef (modified from deepreef.org, accessed 
on 10 September 20). 
 
The research tested specific hypotheses relating to environmental changes that 
may have affected fringing coral reefs in Moreton Bay. Present day environmental 
conditions, such as turbidity, salinity, light attenuation and water temperature, and 
proxies used to estimate past conditions were compared to determine, which of these 
conditions could have influenced the species composition, abundance and reef 
growth through time at the site (Hopley 1982; Kleypas et al. 1999; van Woesik et al. 
1999; Fallon et al. 1999; McCullogh et al. 2003; Smithers and Larcombe 2003). 
This study tested the following hypotheses: 
1. reef morphology is similar to that of fringing reefs reported in the GBR 
and reflects „catch-up‟ growth mode with no progradation 
2. reef morphology is similar to that of platform reefs reported in the GBR 
and reflects „catch-up‟ or „keep-up‟ growth mode followed by significant 
progradation 
3. the coral reef was terminated owing to exposure during a fall in sea level  
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4. the coral reef community responded to environmental changes at, or 
shortly after the time of a lowering of mid-Holocene sea level by shutting 
down 
5. cessation of coral reef accretion resulted from deteriorating water quality, 
specifically increased turbidity 
6. differences in coral assemblages between the time of reef accretion and the 
modern community (loss of branching Acropora) reflect deteriorating 
water quality. 
Based on age determination of fossil corals, their topographic position and 
trace element chemistry the environmental conditions that led to the growth and 
deterioration of the reef were estimated, and their possible relationship to sea level 
change was tested. 
While re-constructing the palaeo-environment, the research also added to the 
limited pool of coral age data in the bay to better define the timing of postulated sea 
level changes. Rigorous control of sampling and determination of surface elevation 
(RL) of collected samples ensured that the data can be used to add fixed points with 
high reliability to the current sea level curve that could allow establishment of 
potential relationships between sea level change and change in environmental 
conditions related to coral growth. 
Determination of past conditions conducive for coral reef growth is anticipated 
to be valuable for design of management policies for Moreton Bay, especially due to 
the increasing urban extension in the catchment of the bay. Better management 
strategies and policies may allow suitable coral habitat to be maintained in Moreton 
Bay. Perhaps the suitability of Moreton Bay as a coral refuge habitat for the GBR 
can also be considered, should any of the predicted climatic changes or sea level rise 
eventuate (e.g. Lybolt et al. 2010; IPCC 2007). 
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2.1 CORALS AND THEIR ENVIRONMENT 
The foundation for coral reef formation is the biological construction of 
carbonate skeletons by corals and coralline algae, maintenance of the framework laid 
down and production of carbonate sediments by destruction of the skeletons (Hopley 
1982; James and Kendall 1992). 
While corals and coralline algae are the main carbonate producers in warm 
water environments calcareous algae, bivalves, gastropods, foraminifers, 
cyanobacteria and others also contribute large volumes of carbonate sediment (Lees 
1975; Hopley 1982; Rao 1996). In geological terms, the most significant aspect of 
coral reefs is their ability to produce large volumes of calcium carbonate that is either 
lithified in situ or eroded and then deposited as carbonate sediment (James and 
Bourque 1992). Since corals are living organisms, their environment is reflected in 
their species diversity, abundance, growth rate, growth form and their relative 
proportion to other calcareous and non-calcareous sediment sources (Hopley 1982). 
The basic differences between carbonate and other types of sediments are that 
a) carbonate sediment composition is governed by the ecological-depositional 
environment, b) particle size distribution is commonly independent of the hydraulic 
regime, c) sediments are formed in place, and d) sediment accumulation style is 
dependent on the nature of the sediment producers (James and Kendall 1992). Since 
the carbonate sediment composition is dependent on the depositional environment 
and on the biota occupying that environment, the composition of the sediment 
appears to be similar for reefs growing in similar environments, even if the number 
and type of dominant species are different (Milliman 1974). Montaggioni (2005) 
summarised available drilling data for Indo-Pacific reefs and suggested that all fossil 
and present reef growth can be described by seven framework and three detrital 
facies with relatively well defined species assemblages. He suggested that facies 
distribution is controlled by „environmental factors‟. Preservation of reef sediments 
is greatly enhanced due to encrustation by algae and chemical (both abiological and 
biologically-induced) cementation. Cementation occurs mainly in the shallow 
submarine and intertidal environment and to a lesser degree at depth. Many 
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mechanisms are invoked for this cementation (see for example Milliman 1974, 
Hopley 1982). Most intertidal cements comprise fibrous aragonite and high 
magnesium calcite (Milliman 1974). 
Reef growth occurs in a „reef growth window‟ as described by James and 
Kendall (1992). Warm-water, reef-forming corals generally grow from near sea 
surface down to as much as 150 m depth, but most growth occurs in the upper few 
tens of metres (Hopley 1982; Montaggioni 2005). This limited depth range places 
corals in an environment that is subject to rapid changes in parameters such as wave 
and tidal flow energy levels, salinity, temperature, turbidity, etc.  
Depth zonation of life forms and resulting sediment types due to decreasing 
wave energy, light intensity and temperature are shown on Figure 2-1 below (James 
and Bourque 1992). 
 
Figure 2-1 Depth zonation and carbonate rock types for typical Cenozoic coral reefs (from 
James and Bourque 1992). 
 
Owing to sea level changes, the position of the growth window varies with 
time. Neumann and Macintyre (1985) described „keep up‟ reefs that initiate soon 
after post-glacial transgression and can maintain their position relative to the rising 
sea level; „catch up‟ reefs that either grow slower than sea level rise and become 
deep water reefs before catching up or initiate after a time lag behind flooding and 
then catch up; and „give up‟ reefs that are left behind by the rising sea level and stop 
accreting as they move out of the photic zone. 
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Water depth is a distinct limiting factor for corals as they live mainly in sub-
tidal areas, below mean low water spring (MLWS; Hopley 1982). Short term aerial 
exposure is tolerated by some species but abundant growth that could result in reef 
accretion, at least in Moreton Bay, appears to be limited to below lowest 
astronomical tide (LAT) water levels (Neil 1998). Provided other environmental 
conditions remain unchanged, reef accretion can cease due to vertical spatial 
restrictions caused by either fall of sea level or infilling of available accommodation 
by the corals (Buddemeier and Hopley 1988). Relationship between various tidal 
planes is shown on Figure 2-2 below. 
 
Figure 2-2 Reference guide for tidal planes (Maritime Safety Queensland, 2009). 
 
To establish the geological history of a reef, one needs to reconstruct the 
palaeo-environments throughout the development of the reef, including 
determination of the environmental parameters that actively influence processes on 
the modern reef. Water temperature, salinity, water turbulence, depth, light 
penetration, turbidity and substrate are controls that will determine biological 
abundance, species diversity and ultimately sustainability of coral growth (Kleypas et 
al. 1999; van Woesik et al. 1999). While the above environmental factors can be 
determined for a living reef, some of them are re-constructed for fossil reefs only 
indirectly and with difficulty. 
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2.2 USE OF RARE EARTH ELEMENT GEOCHEMISTRY FOR 
ENVIRONMENTAL INTERPRETATION 
Some aspects of water quality in any depositional environment can be 
reconstructed from the physical characteristics of the accumulated sediments. For 
example water turbidity during reef accretion can be reconstructed in some cases 
based on proportions of clay and other terrigenous sediments co-deposited with the 
reefal material. However, not all indicators of environmental conditions are always 
preserved in the lithological and mineralogical characteristics of the sediments, as 
hydrodynamic conditions may selectively remove or modify those. For example, 
turbid waters in high energy settings may not result in deposition of fine grained 
sediments that would reflect the true suspended sediment content in the water. 
Concentrations of rare earth elements and yttrium (REE and Y, or REY) are 
used increasingly as proxies for past environmental conditions in marine and 
pericoastal settings, as they are incorporated into coral aragonite in close proportions 
to their distribution in the ambient seawater (e.g. Sholkovitz and Shen 1995; 
Wyndham et al. 2004; Lawrence and Kamber 2006). More importantly the ambient 
seawater REY pattern is retained within the coral fragments that are not affected by 
significant diagenesis and even in some samples that have been altered by meteoric 
diagenesis (Webb et al. 2009).  
Concentrations of REY can be determined in coarse coral fragments preserved 
in the sediments using modern mass spectrometry (e.g. Nozaki et al. 1997; 
Fallon et. al, 2002). Both solution and laser ablation ICP-MS methods provide high 
resolution REY concentration data that can be used as proxies for climate and 
environmental variability (Wyndham et al. 2004). 
REY geochemistry of near-shore ambient seawater is a result of 
riverine/terrestrial input and REE fractionation in estuarine waters and seawater 
(Elderfield et al. 1990; Byrne and Sholkovitz 1996; Lawrence and Kamber 2006). 
Local impact that can influence seawater REY patterns comprises local geology 
(Akagi et al. 2004; Lawrence and Kamber 2006), pollution (Fallon et al. 2002) and 
land use (Jupiter, 2008). REY uptake in corals appears to be slightly dependent on 
species and biological activities (Naqvi et al. 1996; Akagi et al. 2004), but large scale 
patterns of ambient REY distributions are preserved (Sholkovitz and Shen 1995). 
Seasonal variation in REE fractionation was reported by Wyndham et al. (2004). 
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REY data are typically normalised to a shale standard to remove the natural 
“saw-tooth” distribution imposed on natural relative concentrations of the elements 
(“Oddo-Harkins effect”; Byrne and Sholkovitz 1996). For Southeast Queensland the 
average shale values published by Lawrence et al. (2006) termed Mud of Queensland 
(MUQ) are used to normalise the data. The resultant pattern is a generally smooth 
line except for the negative anomalies for cerium (Ce) and to a lesser degree 
europium (Eu), which are redox-sensitive. Several other anomalies characterise 
shallow seawater, such as positive yttrium (Y), lanthanum (La) and gadolinium (Gd) 
anomalies, which may be present to varying degrees (e.g. Masuda and Ikeuchi 1979; 
Zhang et al. 1994; Alibo and Nozaki 1999; Webb and Kamber 2000). 
The seawater REY pattern and other geochemical properties such as Ba 
content, in comparison to terrestrial influence through floodwaters or direct 
particulate matter, has the following characteristics (e.g. Sholkovitz 1995; Sholkovitz 
and Shen 1995; Webb and Kamber 2000; Akagi et al. 2004; Wyndham et al. 2004): 
 lower total REE abundance 
 higher LREE depletion 
 negative Ce anomaly 
 positive La anomaly 
 Y/Ho ratios greater than ~28 
 low Al2O3 and Fe2O3 content 
 low concentration of lithofile elements, such as Sc and Zr 
 low Ba content. 
Turbid waters with floodwater influence that are considered marginal for coral 
growth should have tendencies to trend away from a seawater pattern towards the 
MUQ flat pattern. However, direct particulate sample contamination by “mud” as 
opposed to poorer water quality can be distinguished by analysis of REY and other 
geochemical data. Correlation between various trace elements and REY 
characteristics can be used to reconstruct water quality during reef growth at 
Wellington Point. 
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2.3 FRINGING REEFS 
Coral reefs grow wherever suitable conditions are present. They generally 
occur on some type of platform providing hard substrate in a tropical or sub-tropical 
climate, between latitudes ~34° N and S (Jones and Endean 1974). The platform can 
be: an open ocean volcanic island, a carbonate shelf adjacent to a continent or a bank 
rising from deeper water. Depending on their position, coral reefs are classified as a) 
barrier reefs, b) platform reefs, c) atolls and d) fringing reefs (James and Kendall 
1992). 
Fringing reefs are reefs that grow adjacent to a land mass. They, in particular, 
are exposed to changes in environmental conditions either due to natural or 
anthropogenic causes (Smithers et al. 2007). In addition to marine factors influencing 
barrier reefs and atolls, fringing reefs are impacted upon by environmental changes 
that affect the adjacent land mass (Hopley and Partain 1986; McCulloch et al. 2003; 
Perry et al. 2008). Climatic characteristics influencing runoff and local geology of 
the land mass supplying sediments and substrate are environmental factors that may 
have indirect impact on a fringing reef (Gagan et al. 1997; Kennedy and Woodroffe 
2002). Fringing reefs commonly form in deeper water, some distance from the shore 
and the area behind the reef generally is filled with sediments to form a reef flat 
(Hopley 1982). The presence of numerous potential stressors from the adjacent 
landmass may explain the generally limited size of fringing reefs in the GBR region. 
Hopley and Partain (1986) identified several hundred fringing reefs, but the mean 
area covered by each of them was only about 1 km2. 
Fringing reefs are common in the Caribbean, on the shores of rocky islands, on 
the rocky shores of the Red Sea, in the south-western and north-eastern Indian 
Ocean, around the Central Pacific basaltic islands, including Hawaii and near their 
latitudinal extent in the western Pacific at Lord Howe Island and Japan (Ryukyus) 
(Montaggioni 2005). They are absent from the southern portion of the GBR, but 
common in the central near shore part, and in the northern portion (Hopley 1982; 
Smithers and Larcombe 2003; Smithers et al. 2006). Larcombe and Woolfe (1999) 
suggested that fringing reefs (and reefs in general) may be absent in areas due to the 
presence of a shore attached sediment wedge that deprives corals of suitable 
substrate on which to grow. Based on data from the inner GBR shelf and Gulf of 
Papua, Woolfe and Larcombe (1998) indicated that fringing reefs are present in high 
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turbidity waters, provided local oceanographic conditions create conditions for high 
sediment re-suspension and transport. 
The reef at Wellington Point could be classified as a fringing reef that has 
formed adjacent to a land mass with potentially high terrigenous sediment loads. 
However, the fringing reefs of Moreton Bay are difficult to compare to other fringing 
reefs in the world because of the following key differences: 
 
 The Caribbean, Japanese, Hawaiian and central Pacific basaltic islands are 
affected by tectonic movements that periodically overprint general sea 
level changes (Emery and Aubrey 1991; Pirazzoli 1991). Most Caribbean 
fringing reefs have their substrate deeper than the Moreton Bay reefs, 
commonly with multiple terraces and different dominant coral species (e.g. 
Focke 1978). 
 Red Sea reefs grow adjacent to a shoreline that has a much dryer climate 
and thus much reduced runoff and sediment load entering the reefs. 
Exceptions to these are the reefs located adjacent to fan-deltas with 
reoccurring, but episodic, very heavy sediment discharge (James and 
Kendall 1992). 
 The oceanographic conditions at the Lord Howe Island „fringing‟ reef are 
much more „open ocean‟ conditions than in the relatively enclosed 
Moreton Bay (Kennedy et al. 2002) and there is a lagoon with deep 
carbonate sediment behind the reef (Kennedy and Woodroffe 2000). 
 The relative Holocene sea level history (Montaggioni 2005) and substrate 
availability (Kleypas 1996) for the Indian Ocean varies from that of the 
Pacific, however, some of the north-eastern Indian Ocean fringing reefs 
are in low energy environments and some south-western reefs have 
mangrove and seagrass dominated facies (e.g. Lewis 1968; Montaggioni 
2005), similar to Moreton Bay reefs. 
 
Fringing reef morphology for the GBR area was described and classified by 
Hopley (1982), Hopley and Partain (1987); Smithers et al. (2006) and Hopley et al. 
(2007). Reef anatomy versus reef development episodes was described by Davies 
and Montaggioni (1985) and Montaggioni (2000), mainly based on Caribbean and 
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Indo-Pacific examples. Basic structural classification for GBR fringing reefs was 
developed by Chappel et al. (1983). Reef anatomy and depositional patterns within 
the reef were described and classified by Kennedy and Woodroffe (2002). The 
fringing reef at Wellington Point may be classified in accordance with the structural 
classification of fringing reefs by Hopley and Partain (1986), Kennedy and 
Woodroffe (2002) and Hopley et al. (2007). 
2.4 PREVIOUS WORK ON CORALS IN MORETON BAY 
Some fringing coral reefs in Moreton Bay were initially exploited and 
destroyed by dredging for cement manufacturing before any scientific study 
established their composition, history and distribution (Stephens 1992). The early 
research was mainly descriptive and documented some of the existing reefs (e.g. 
Stutchbury 1855; Jack and Etheridge 1892; Saville-Kent 1893), although Fairbridge 
(1950), based on review of available references at the time, suggested three stages of 
sea level drops since 3,000-4,000 yr BP. Between 1938 and 1946 the Science Student 
Association of University of Queensland (1938; 1940; 1941 and 1946) carried out 
research expeditions into Moreton Bay, which included measurements of water 
quality (temperature, salinity and turbidity). 
Slack-Smith (1960) and Lovell (1989) reported extensive coral mortality 
around Peel Island and in Moreton Bay generally, subsequent to the 1956 and 1988 
floods. Wells (1955) compared fossil and living coral species in fringing reefs within 
the bay and outside. He postulated that the fringing reefs of Moreton Bay live in 
unfavourable conditions with low average water temperatures and a common lack of 
suitable substrate. His was an accurate and concise summary of observations about 
the coral reefs in the bay at the time, and has not changed much to date, despite 
advances in reef research throughout the world. A similar survey of coral taxa in 
Moreton Bay was repeated by Lovell (1975) and Harrison et al. (1991) for the area 
between Green Island, Wellington Point, Empire Point and Peel Island (Figure 1-1). 
Wallace et al. (2009) produced the most recent and comprehensive survey of corals 
in Moreton Bay. 
These surveys reported an apparent increase in coral species occurring, 
compared to 1955, but the increase may be due to the use of more advanced survey 
techniques or the relatively low flood intensity period of the Brisbane River. 
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Harrison and Veron (1993) and Harrison et al. (1991) reported 40 scleractinian coral 
species for the area and suggested that improved water quality could be the reason 
for this increase. A decline in water quality was predicted by McEwan et al. (1998), 
who suggested that a 40% to 60% increase is expected in chlorophyll a concentration 
could occur by 2031, based on projected population increase within the bay‟s 
catchment area, and anticipated it could be detrimental to coral communities. The 
Moreton Bay reefs are typical „marginal” reefs, reefs that live at the limits of 
conditions perceived tolerable for the reef building corals (Perry and Larcombe 
2003). 
2.4.1 ENVIRONEMNTAL CONDITIONS IN MORETON BAY 
Fossil reefs of the inferred last interglacial interval in the late Pleistocene were 
identified in Moreton Bay at Dunwich, on the western side of North Stradbroke 
Island (Pickett et al. 1984 and Pickett et al. 1989). Most other coral reefs in Moreton 
Bay are reported to be less than 7,500 years old (Flood, 1978), although Flood 
derived that date based only on the sea level curve rather than on absolute dates from 
fossils. Some of these mid-Holocene reefs (e.g. at Coochiemudlo Island) are now 
dead with no living corals or with only intermittent, short lived coral colonisation. 
Fringing reefs with living corals occur in the central portion of the bay between 
Myora in the east and from Cleveland to Mud Island in the western bay where hard 
substrate is available (Figures 1-1 and 2-3, e.g. Harrison et al. 1991; Neil 1998; 
Lybolt et al. 2010). 
The Myora reef in the eastern central bay has an Acropora-dominated living 
coral cover while all the other reefs in the central and western bay have faviid 
dominated coral cover (Harrison et al. 1991; Neil 1998; Johnson and Neil 1998a). 
Johnson and Neil (1998a) compared physical variables across the bay that may 
influence coral assemblages and coral cover at various reefs. Johnson and Neil 
(1998b) concluded that there is a water quality gradient in a roughly west to east 
direction within the bay, which appears to control coral taxa distribution. A similar 
west to east water quality gradient across the bay was reported by Narayan and 
Pandolfi (2010), based on benthic foraminiferal assemblages. After severe 
disturbance, like a catastrophic flood event, individual reefs regenerate to a similar 
species assemblage to that which occurred prior to the event, in accordance with the 
reef‟s position on the water quality gradient. 
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Johnson and Neil (1998a) provided a developmental timeline for the western 
Moreton Bay fringing reefs. They adopted 7,500 yr BP as the likely time of coral 
colonisation citing Flood (1978, see above). For Mud Island Johnson and Neil 
(1998a) quote Richards (1932), who indicated a colonisation depth of 6 m below 
present sea level. However, Marshall (1975) suggested that by 6,000 yr BP, corals at 
Mud Island had reached present intertidal level. This would represent a growth rate 
of about 6 m per 1,500 years (4 mm/year) in a period of dominance by Acropora spp. 
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Figure 2-3 Regional geology of the Wellington Point area with two petroleum exploration well 
locations. (sourced from: http://www.webgis.dem.gov.au, accessed on 20 June 2010). 
 
Johnson and Neil (1998a) adopted 3,260 ±260 yr BP as the most recent date for 
an Acropora dominated assemblage in the bay, based on data from Hekel et al. 
(1979) at Peel Island. In contrast Harrison et al. (1996) considered the Acropora 
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dominated living fringing reef at Myora as being „of regional significance‟. 
However, the approximately 3,000 yr BP age for the assemblage change in coral 
communities could be representative for the western portion of the bay, which has a 
lesser degree of oceanic influence than the Myora reef. Dated samples collected from 
the surface by Lybolt et al. (2010) suggested that coral growth in the bay was 
episodic since about 7,000 years ago, corresponding to oscillations in sea level. They 
suggested that other than the current coral growth episode (i.e. <200 yr BP), during 
all previous episodes the coral community was dominated by Acropora spp. and the 
change to faviids is a relatively recent phenomenon. 
Adopting the sea level curve of Larcombe et al. (1995), Johnson and Neil 
(1998a) drew a parallel with environmental changes occurring in phase with sea level 
change. Thus, the relative sea level stillstand postulated for between 6,000 yr BP and 
3,000 yr BP partially corresponded to a climatic optimum with resulting water 
quality in the bay that enabled rapid growth of Acropora. The period after 
3,000 yr BP was a period of lower sea level (between 1.0 m to 1.5 m lower than the 
previous highstand) with deterioration in climatic conditions. The change in climate 
was manifested in a drop of temperature, distinct seasonality and consequent increase 
in runoff rates and sediment load in Moreton Bay (Neil, 1998). The gradual 
relocation of the Brisbane River mouth from north to the south (Lovell 1989; 
Stephens 1992), therefore closer to the location of the coral reefs, also could have 
contributed to the deteriorating water quality in the western bay (Figure 5-16). 
Johnson and Neil (1998a) suggested that changes in coral species and reduction in 
coral cover in Moreton Bay are consequences of both the deteriorating climate and 
lowering of the sea level. 
Most workers agree that coral growth in Moreton Bay was probably episodic in 
the Holocene. However, whether coral growth episodes also corresponded to reef 
accretion episodes, and whether these episodes were related to sea level or 
environmental changes that affected water quality or coral viability, has not been 
established and is a key objective of the research presented here. 
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2.5 WELLINGTON POINT REEF RESEARCH SITE 
The research area at the Wellington Point reef, together with local features and 
investigation locations is shown on Figure 2-4 below. Detailed description of the 
fringing coral reefs between Cleveland Point in the south and King Island, adjacent 
to Wellington Point in the north was given by Flood (1978). 
 
Figure 2-4 The research area at Wellington Point and its surrounds with the borehole 
locations and the submarine profile transects (Department of Natural Resources, Mines and 
Energy 2004). 
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The reef is described, as being about 10 km in length, 1.5 km wide and as 
much as 5 m thick (refer Figure 2-5). This is a significantly larger area and volume 
than most current fringing reefs in the GBR (Hopley and Partain 1986). Flood (1978) 
suggested that the framework of the reef mainly comprises branching Acropora 
species while the living corals on the surface of the reef are mainly Favidae species. 
Terrigenous sediment as much as 0.5 m in thickness was also reported covering 
sections of the fossil reef framework around Empire Point. 
Flood (1978) put the time of reef colonisation of the lateritic platform at 
Wellington Point at 7,500 yr BP, when sea level was at 7 m below present mean sea 
level in accordance with the curve of Thom and Chappell (1975). Based on Uranium 
series dates of comparative corals at the intertidal level at nearby Mud Island, a 
vertical reef accretion rate of 1.7 m/1,000 years to 5 m/1,000 years was suggested 
(Flood 1978). At these rates, parts of the reef reached the intertidal level of the time, 
by about 4,000 yr BP. However, it appears that no absolute age was determined by 
Flood (1978) on any carbonate material retrieved from the boreholes. 
Flood (1978), based on the available sea level timelines also suggested that 
only reef growth from ~5 m depth reached the intertidal zone, before changes in 
environmental conditions prompted the change in dominant species and the slow-
down of growth rates. Hence, he suggested that no parts of the reef that initiated at 
~7 m depth have reached the intertidal zone. According to Flood (1978), the backreef 
area has been filled with terrigenous and bioclastic sediments but there are neither 
descriptions of the reef front area or mention of vertical aggradation or horizontal 
progradation of the current reef.  
After shoreward parts of the Wellington Point reef have reached sea level, the 
reef could have prograded seaward to fill in the available accommodation. Pre-
requisite for the horizontal progradation of the reef in the subtidal reef front area 
would be a presence of suitable hard substrate (Larcombe and Woolfe 1999). Either 
the exposed lateritic platform or accumulation of coarse skeletal carbonate material 
could allow initiation of further reef growth, should physical conditions be tolerable 
for the corals. However, whether the lateritic platform extends farther offshore than 
the fringing reef is not known. 
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Figure 2-5 Extent of fringing reef between Cleveland Point and King Island, together with 
cross-sections (from Flood 1978). The survey technique used to produce these cross-
sections was not described. 
 
Reference to the Geological Survey of Queensland 1:100,000 series Brisbane 
sheet, the Department of Employment, Economic Development and Innovation 
Interactive Resource and Tenure online maps (http://www.webgis.dem.gov.au, 
accessed on 20 June 2010) and Jones et al. (1978), indicates that fine grained 
terrestrial sediment surrounds the reef on the seaward side. Accumulation of these 
fine grained sediments adjacent to the reef may have covered the pre-existing hard 
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substrate and rendered this zone unsuitable for modern coral colonization (Figure 2-
3). 
Even if there is soft sediment cover over the laterite platform, fragmental reef 
debris could provide a suitable substrate for lateral reef progradation. Many 
Favia spp. growing on acroporid fragments may indicate such use by the living 
corals, or it may indicate that changes in dominant species have occurred recently 
(Neil 1998, Figure 2-6). 
 
 
Figure 2-6 Massive coral that used branching coral fragment as substrate. Collected from 
reef flat east of King Island (Major 2001, unpublished). 
 
Results of shallow drilling on the eastern side of King Island at Wellington 
Point, Major (2001, unpublished) concluded that corals of the fossil reef initiated on 
hard, gently eastward sloping substrate comprising deeply weathered, lateritised 
basalt. In boreholes where lateritic caprock was not encountered, gravel and cobble 
size ferruginous nodules occurred, and they are also considered suitable substrates 
for coral initiation.  
The 2001 study (Major, unpublished) reported 12 coral species living in the 
sub-tidal zone on the reef surface with dominant faviids, but large Turbinaria and 
Acropora colonies are also present. Colony size at Wellington Point indicated that 
corals on the reef surface possibly initiated before the 1974 floods, suggesting a more 
northward limit of significant freshwater plumes originating from the Brisbane River 
(Figure 2-7).  
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Figure 2-7 Large coral colonies at King Island that are possibly older than the 1974 floods 
indicate suitable water quality for coral growth despite regular floods in Brisbane River (from 
Major 2001, unpublished). Note platy, non-branching Acropora digitifera (upper photo) that is 
~1.2 m in diameter. 
 
The change in dominant coral species in the vertical reef profile (i.e. from 
branching to domal/massive) that was implied by Flood (1978) was described in 
modern corals, horizontally, on a bay-wide scale by Harrison et al. (1991), Harrison 
et al. (1996), and Johnson and Neil (1998a). Acropora spp dominates the reef at 
Myora in the east and massive faviids dominate the reefs in the central and western 
bay. While cessation of reef accretion could be attributed to the spatial limitations 
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imposed on portions of the reef at Wellington Point, the decline of the reef may have 
been caused by either of the environmental changes implied in the previous works. 
 
2.6 SEA LEVEL AND ITS CONTROL OF REEF GROWTH 
Sea level is commonly cited as the primary control of changes to coral reef 
geomorphologies and structures. Since the early work by Darwin (1842) on the 
subsidence origin of atolls, relative sea level changes have been linked to reef 
development. Most early opposition to Darwin‟s subsidence theories came from 
workers who worked in tectonically active areas (e.g. Semper 1863; Guppy 1888 
cited in Hopley 1982) where uplifted reefs were also observed. 
Based on earlier works, Daly (e.g. 1910) defined his Glacial Control Theory, 
which was supported by Vaughan (e.g. 1914) that stated that submerged platforms 
were the main areas of reef development and the submergence was mainly controlled 
by rising and falling sea levels due to glacial and interglacial periods (Hopley 1982). 
Causes of sea level changes were summarised by Williams et al. (1998) into a 
threefold division of sea level controls (eustatic, world-wide tectonic isostatic and 
local tectonic isostatic). Emery and Aubrey (1991) included, beside the sea level 
controls described by Williams et al. (1998), a) climatic effects on sea level (El 
Niño/Southern Oscillation (ENSO) and river runoff and floods), b) steric ocean 
response (water temperature/thermal expansion and salinity), c) ocean floor 
sedimentation and d) long period tides as controls of sea level. Lambeck (2002) 
identified cyclical tectonic, isostatic and climatic controls on sea level fluctuations. 
The Australian east coast is significant for the definition of Holocene glacio-
eustatic sea level changes, as it appears that in the Holocene the continental shelf on 
the east coast was not exposed to isostatic (including hydro-isostacy) movements to a 
degree that would have altered or masked the eustatic sea level changes (i.e. 0.5 m in 
5,000 years, Thom and Roy 1983; Lambeck 2002). Here the sea level changes 
interpreted from evidence can be directly related to changes caused by eustatic 
controls (Thom and Chappell 1975; Pirazzoli 1991). 
Most authors (e.g. Hopley 1983; Larcombe et al. 1995) considering the 
Holocene sea level changes agree that eustatic sea level rise following deglaciation 
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was the main controlling factor on sea level in eastern Australia. The indicated rise 
from between about -120 m and -150 m to near the present level occurred between 
about 15,000 yr BP and about 6,000 yr BP (Figure 2-8; Chappell 1983; Lambeck and 
Nakada 1990; Fleming et al. 1998). Lambeck and Chappell (2001) calculated that the 
deglaciation has probably ended 7,000 yr BP. 
 
Figure 2-8 Approximate sea level curve for Moreton Bay for the last two glacial periods (after 
Willmott and Stephens 1992). The mid Holocene higher sea level has coincided with a 
climatic optimum at ~7,000 yr BP (Johnson and Neil 1998a, refer Chapter 3.2.1). 
 
However, as Pirazzoli (1991) concluded, stable (i.e. tectonically inactive) areas 
probably do not exist. Hopley (1982) cited the works of Walcott (1972), Mörner 
(1972), Chappell (1974) and Clark et al. (1978) that led to the concept of hydro-
isostasy, which accounts for variations of sea level in mid and late Holocene in areas 
considered “stable”, as for example eastern Australia. According to the hydro-
isostasy model proposed by Thom and Chappell (1978), increased loading by the 
post-glacial meltwaters will cause subsidence on the continental shelf with 
corresponding emergence on the continent. The location of the hinge zone and the 
amplitude of the subsidence/emergence are dependent on the width of the shelf, 
wider shelf resulting in greater degree of emergence in the north (Chappell 1983; 
Nakada and Lambeck 1989; Lambeck and Nakada 1990). 
The envelope of relative Holocene sea level by Thom and Chappell (1975) was 
further refined by additional detailed work in the Great Barrier Reef area. The sea 
level curve of Larcombe et al. (1995, Figure 2-10) indicates an approximately 1 m 
drop in relative sea level around 3,000 yr BP that is considered to reflect hydro-
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isostatic emergence, while eustatic, climatic and steric controls would suggest sea 
level rise. Mitrovica and Peltier (1991), and Mitrovica and Milne (2002) suggested 
that the relative sea level fall in the tropics may be due to oceanic waters returning to 
the high latitude areas to fill the void created by the collapse of the forebulge in the 
periphery of the formerly glaciated areas. The post-highstand mid to late Holocene 
sea level appears to have been oscillating and the timing of the last, about 1.0 m drop 
is suggested by both Sloss et al. (2007, Figure 2-9) and by Lewis et al. (2008, 
Figure 2-10) to be around 2,000 yr BP. Hopley et al. (2007) indicated north-south 
variations in the timing of both the sea level rise and subsequent emergence within 
the GBR. However, Baker et al. (2005) suggested that Australia wide and possible 
worldwide sea level changes appear to be eustatic rather than controlled by local 
tectonics and the associated changes in marine sedimentation is affected by 
environmental, mainly climatic changes. 
The higher than present sea level for periods less than 3,000 ybp was also 
suggested by Pirazzoli et al. (1988), based on data from atolls in the central Pacific. 
Emergent reef structures in the Pacific younger than 3,000 years were also reported 
by Grossman et al. (1998) and Dickinson (2001). 
According to McLean (1995), mainly based on micro-atoll data, the sea level 
fall was probably smooth and occurred earlier in the GBR area while in the mid-
ocean region it was probably oscillating and occurred more recently. Recent sea level 
fall, on a decadal scale, was reported by McLean (1995) from the Pacific region with 
significant variability, tentatively assigned to climatic influences, such as the ENSO 
events. 
Tide-gauge measurements at Sydney (e.g. cited in Chapman et al. 1982) 
recorded about 40 mm rise in average yearly sea level from about 1950, although the 
indicated rise was almost instantaneous between 1950 and 1955 with a gently falling 
trend since then. For an ~80 year period, the Sydney tide-gauge is indicating sea 
level oscillations in a range of about ±70 mm with no clear long term trend. Rise of 
sea level in New South Wales was reported by Chapman et al. (1982) based on 
general erosion and retreat of sandy shorelines. However, this process may indicate 
changes in sediment budget or other factors rather than sea level rise or may 
represent cyclical sediment movements with no long term trend. 
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2.6.1 SEA LEVEL HISTORY IN MORETON BAY 
Relative sea level data from various authors for nine different locations in the 
Moreton Bay and Southeast Queensland area were reviewed by Flood (1983). He 
indicated that sea level had probably attained its maximum by about 6,500 to 
6,000 yr BP. This highstand is considered to have been between about 1.0 m to 1.5 m 
above present sea level, which is in accordance with predicted values by the hydro-
isostatic model (Thom and Chappell 1975; Thom et al. 1981 and Thom and Roy 
1983). 
According to Flood (1984), evidence exists in the area for the mid Holocene 
stillstand between about 6,000 and 4,000 yr BP with sea level at approximately 1.0 m 
above present level at about 4,000 yr BP and for a relatively rapid fall by about 
3,000 yr BP to its present level. A similar sea level curve was presented by Larcombe 
et al. (1995) based on data from the GBR. Flood (1984) suggested that the postulated 
sea level fall of about 1.0 m coincided with progradation of terrestrial sediments and 
possibly with change from Acropora-dominated to Favia-dominated coral 
assemblages. He also indicated that data for sea level behaviour in the area, for the 
period younger than 3,000 years, is unreliable as it relies mainly on high energy 
depositional features such as beach ridges, which are not considered accurate 
indicators of sea level (Flood 1984). Flood and Frankel (1989) used fixed biological 
indicators, at locations south of Moreton Bay, as sea level indicators. Radiocarbon 
dates indicated ~1.0 m higher levels than present for around 3,420 yr BP (absolute 
age, reservoir corrected). In the same study barnacles were dated and indicated 
similar higher than present sea levels at about 1,800 yr BP. 
Flood (1978, 1980 and 1983) used colonisation and distribution trends by 
mangroves and sedimentation patterns in the intertidal zone in Southeast Queensland, 
as evidence for contemporary sea level rise of about 1 mm/year, which is similar to 
the values reported at the Sydney tide –gauge. 
2.6.2 RECENT SEA LEVEL CURVES 
Recent reviews of all available east Australian sea level data (Baker et al. 2005; 
Sloss et al. 2007 and Lewis et al. 2008) slightly revised the timing of the sea level 
changes and indicated the following: 
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 present sea level was attained earlier than previously reported, by about 
7,700 to 7,900 yr BP 
 post-glacial transgressive peak was probably achieved by about 
7,400 yr BP at about 1.0 m to 1.5 m above PMSL and was followed by 
a highstand 
 negative and positive oscillations up to about 1.0 m occurred during the 
late Holocene highstand 
 Sea level has lowered to the present mean sea level (PMSL) by 
relatively smooth regression from about 2,000 yr BP 
The sea level curves for eastern Australia are shown on Figures 2-9 and 2-10 
below (Sloss et al. 2007 and Lewis et al. 2008). Figure 2-10 also shows sea level 
curves from Chappell et al. (1983), Larcombe et al. (1995) and Baker et al. (2005). 
 
 
Figure 2-9 General elevation of Holocene highstand. Note sharp rise between about 8,000 
and 7,000 yr BP to about 1.5 m above PMSL and consistent fall after about 3,000 yr BP 
(from Sloss et al. 2007). 
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Figure 2-10 Various sea level curves for Australia based on different sea level indicators 
(shaded area by Lewis et al. 2008). While the downward oscillations suggested by Lewis et 
al. (2008) are timed similar to those by Sloss et al. (2007), the magnitudes are larger. 
 
2.6.3 RELIABILITY OF CORALS AS SEA LEVEL INDICATORS 
Like most fossils used in stratigraphy, sea level indicators need to conform to 
the following requirements: 
 limited and well defined depth range 
 reproducibility/stability of depth range through time 
 preservation in the geological record 
 age can be determined accurately (Hopley et al. 2007). 
Coral colonies that are preserved in situ within the reef or those that have 
grown contemporaneously within the reef framework comply with the above 
requirements, except their depth range definition is relatively poor. Corals grow in a 
relatively wide depth range and generally age determination indicates only that sea 
level was above the level of the coral at the time but does not define the maximum 
water level at that location (e.g. Hopley 1983; Larcombe et al. 1995). High energy 
environments or single events can even further reduce the accuracy of corals as sea 
level indicators (Hopley et al. 2007). Corals with well defined contemporary depth 
range may be used as sea level proxies, provided the environmental conditions 
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governing the current depth range are comparable to the age range being considered 
(Montaggioni 2005). 
The distribution of micro-atolls is generally more constrained and their upper 
surface can be considered as “close to MLWS” (Scoffin and Stoddart 1978). High 
resolution sea level data can be determined using micro-atolls, provided they are 
in situ and grow in “open water” and not in moated reef flats (Hopley 1982). Micro-
atolls only grow up to about MLWS, and they generally occur on the reef flat rather 
than in the high energy reef front zone, they can be used as reliable indicators of 
minimum sea levels at the time of growth (Hopley 1982; McLean 1995). 
Whether corals from the Wellington Point reef comply with the above 
requirements for reliable sea level indicators were tested in this research. For 
discussion on suitability of the recovered coral samples refer to Chapter 5.1.3. 
2.7 RESEARCH SITE ENVIRONEMNT 
2.7.1 MORETON BAY LOCATION AND TOPOGRAPHY 
The Wellington Point fossil coral reef is located within Moreton Bay, 
Southeast Queensland (refer Figure 1-1). Moreton Bay is a large and relatively 
shallow embayment of the Coral Sea. It is bound by the mainland on the western side 
while it is separated from the Coral Sea by South and North Stradbroke Islands, 
Moreton Island and Bribie Island. The gaps between these islands provide the 
connection to oceanic waters at North Entrance, South Passage and Jumpinpin 
(Figure 1-1). The bay comprises three distinct morphological units, the northern, 
central and southern bay (Jones et al. 1978). 
The northern Moreton Bay is roughly north of the Brisbane River mouth and 
comprises mainly open water. The western and northern portion of this area is 
shallow with mangrove fringes and extensive soft sediments (e.g. Deception Bay). 
The North Entrance and the South Passage are both westward prograding tidal deltas 
with highly mobile sandy sediments (Figure 1-1; Stephens 1978). The Caboolture, 
Pine and Brisbane Rivers drain in the northern bay. 
The southern Moreton Bay, south from about Macleay Island, is a network of 
estuarine sandy mud islands with mangroves, tidal channels and generally shallow 
water (Lockhart et al. 1998). The connectivity to oceanic waters is very limited 
through the Jumpinpin and the rivers entering this portion of the bay (Nerang, 
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Coomera, Pimpama and Logan Rivers) carry mainly a fine grained sediment load 
(Jones et al. 1978). 
Wellington Point, together with all the islands that have sub-fossil and living 
coral reefs, is located in the central Moreton Bay area. This portion of the bay 
receives a relatively low terrestrial sediment load from short coastal creeks (e.g. 
Tingalpa, Lota and Wynnum Creeks) and an influx of oceanic waters (Neil 1998). 
Central Moreton Bay is the only area of the bay where hard substrate is 
common (Figure 2-3). Fringing reefs with living corals occur in the central portion of 
the bay between Myora in the east and from Cleveland to Mud Island in the western 
bay (Figure 1-1, Johnson and Neil 1998a). The northern and southern bay, including 
the western side of the barrier sand islands, is devoid of living and fossil corals 
mainly due to lack of suitable substrate and poor water quality (Neil 1998). The poor 
water quality in the northern bay is mainly due to discharge from the Brisbane River, 
while the southern bay has poor water circulation and poor connectivity to clean 
oceanic waters (Lockhart et al. 1998). 
Spatially the research will be limited to the following area: 
 fossil fringing reef, east of the intertidal sand bar between Wellington 
Point and King Island (Figure 2-4), extending to the eastern reef edge, 
some 1.5 km east of the sand bar  
 fossil micro-atoll zone within the intertidal platform on the north-western 
side of King Island together with the adjacent reef flat. 
The study area is centrally located in a chain of fossil reefs along the western 
foreshore, including from south to north Macleay Island, Coochiemudloo Island 
(both without living coral cover), Cleveland Point, Empire Point, Wellington Point 
and King Island, Green Island, St Helena Island and Mud Island (Figure 1-1). 
The Wellington Point peninsula is an approximately 1.5 km long portion of the 
land that protrudes to the north from the mainland sub-parallel with the chain of 
islands. It comprises a nearly flat plateau ~20 m above the sea level that is bounded 
by very steep slopes. The toe of the plateau is generally fringed with a narrow 20 to 
100 m wide terrace a few metres above highest astronomical tide (HAT). 
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The northern end of the peninsula comprises a small area of reclaimed land that 
is protected by a stone sea-wall. The point and King Island are connected by an intra-
tidal sand bar (tombolo) that is located on a gently seaward sloping platform. King 
Island is a small sand cay, up to about 2 m above HAT and covered with mangroves, 
Cassuarina spp., grasses and weeds, such as prickly pears. The location of the sand 
bar changes seasonally, but King Island appears to be stable on a decadal scale. 
Anecdotal evidence suggests that the island has significantly reduced in size in the 
last 100 or so years (Neil 1998). The body of water bounded by the sand bar, King 
and Green Islands on the east and the mainland on the south and west is referred to as 
Waterloo Bay (Figure 1-1). 
 
2.7.2 CLIMATE 
Early Holocene climates 
At the end of the last glacial phase (ca 12,000 yr BP) the climate was gradually 
becoming warmer and wetter and by about 6,000 to 7,000 yr BP it reached a climatic 
optimum (Bell and Walker 1992). Kershaw and Nix (1988) and Dodson et al. (1986) 
indicated that in the period of the climatic optimum the temperatures may have been 
about 2-3.5°C warmer than present day and rainfall was higher.  
The El Niňo-Southern Oscillation (ENSO) may have been absent prior to about 
4,000 yr BP (Shulmeister 1996). Either or both the wetter climate and the reduced 
seasonality or variability of the climate could generally result in increased vegetation 
cover and reduced sediment yield in the river catchments and reduced sediment input 
into Moreton Bay (Neil, 1998). 
 
Late Holocene 
It is estimated that from about 5,000 – 4,000 yr BP the ENSO system was 
established and increased incidences of droughts and flood dominated periods 
followed (Warner 1987). In such conditions the geomorphic processes are not in 
equilibrium and soil erosion increases. Consequently, the sediment yields increase in 
the rivers and in the western bay. 
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The existing climate of Moreton Bay is subtropical, characterised by warm and 
wet summers and mild and dry winters. The combination of mild temperatures in 
winter and the typically warm northerly oceanic currents results in year round water 
temperature range of between 16°C and 28°C (Johnson and Neil 1998a). The bay is 
dominated by south-easterly trade winds, except in winter when strong south-
westerlies bring cold air masses into Southeast Queensland. Northerly winds occur 
mainly through the monsoon season (Newell 1971). Afternoon north-easterly “sea-
breeze” of around 10-15 knots is a regular feature. 
 
2.7.3 WAVES AND TIDES 
Hydrodynamic conditions in the bay were described by Neil (1998) and 
Dennison and Abal (1999), and are summarised below. While oceanic swell enters 
the bay at the North Entrance, it is attenuated in the northern bay and its influence on 
the wave regime within the bay is minimal. Most waves in the bay and particularly in 
the central and southern area are wind generated waves. The eastern side of the study 
area is exposed to both south-easterly and north-easterly wave action. The waves are 
generally less than 1.5 m high and of relatively short wavelength due to the relatively 
short run-up distance from the south-east and the lower wind speeds from the north-
east. The western portion of the study area, west of King Island, is largely protected 
from the south-easterly and north-easterly waves by the island and the sand bar. The 
waves generated by the strong winter south-westerlies are of low amplitude as the 
run-up distance is short within the shallow waters of Waterloo Bay. 
The tidal regime in the bay is micro to meso-tidal semidiurnal with a diurnal 
inequality. The tidal range in the bay is up to 2.4 m but more commonly around 
1.8 m and tidal current velocities are up to ~1.5 m/s. The direction of the tidal flows 
is south and west on the flood tides and north and east on the ebb tides. Flood tide 
velocities are generally higher and one of the tides on any day is higher than the 
other. Bay-wide measurements (Dennison and Abal 1999) indicate that a net clock-
wise tidal current exists in the bay that is generated by flood dominated tidal flows at 
the entrances and supported/amplified by the dominant wind directions. 
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2.8 REGIONAL GEOLOGY 
2.8.1 STRATIGRAPHY 
Reference to the Queensland Department of Employment, Economic 
Development and Innovation interactive resource and tenure map 
(http://www.webgis.dme.qld.gov.au-/mines/tenure_maps.cfm, accessed on 2 June 
2010) and previous investigations indicate that soils and rocks of the research area 
represent the following main geological units: 
 Quaternary (Holocene) marine sediments comprising mainly coral and 
calcareous sand - Qhmr 
 Tertiary Petrie Formation comprising sandstone, siltstone, mudstone 
and alkali olivine basalt – Td>Tpb 
 Lower Jurassic Landsborough Sandstone comprising sandstone, 
siltstone and mudstone - RJbw 
 Middle to Upper Triassic Tingalpa Formation rocks comprising 
sandstone, siltstone, mudstone and coal - Rin 
 Devonian to Carboniferous Neranleigh-Fernvale beds comprising meta-
greywacke, meta-arenite, argillite, quartzite, minor greenstone and 
conglomerate - DCf. 
Details of the Quaternary sediments are described in Section 2.7.3 below. 
Regional geology of the area is shown on Figure 2-3. Relationships of the geological 
units, as well as, the structure are described below. 
It should be noted that the QGS 1:100,000 geology sheet indicates that rocks of 
the Triassic to Jurassic Woogaroo Subgroup occur on the mainland adjacent to the 
Wellington Point area. This unit is similar and partially correlates with the 
Landsborough Sandstone that is defined as of Lower Jurassic age. The Woogaroo 
Subgroup rocks are assigned to the Ipswich and Clarence Moreton Basin while the 
Landsborough Sandstone is part of the Nambour Basin. The mainland area adjacent 
to the research site is considered as a connection between the two basinal areas, 
located between topographic highs of the basement Neranleigh-Fernvale bed rocks 
(O‟Brien et al. 1994). 
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A Petroleum exploration well AA0 St Helena 1 was drilled north of Wellington 
Point on the western side of St Helena Island (Associated Australian Oilfields N.L 
1969). The borehole was reported to have intercepted up to 15 m of beachrock, 
mainly comprising shelly sandstone. The beachrock was underlain by about 175 m of 
extremely to highly weathered basalt with no fresh basalt encountered. The 
Landsborough Sandstone encountered underlying the deeply weathered basalt mainly 
comprised quartzose sandstone with interbeds of shale. The Tingalpa Formation, 
comprising shale, siltstone, sandstone and coal was encountered from about 511 m 
depth. 
The basement rock in the borehole was encountered from about 587 m depth 
and comprised dark grey argillite (described as quartz mica schist on the borehole 
report) with quartz veining. The argillite is considered to belong to the Neranleigh-
Fernvale beds. 
Another petroleum exploration well was drilled about 2 km to the south of the 
research area. The borehole, WPL Wellington Point 1 (Winneill Pty. Ltd 1955) 
encountered a similar stratigraphy as in AAO St Helena 1 that comprised 263 m 
weathered and scoriaceous basalt (Petrie Formation) underlain by sandstone with 
minor shale, coal and conglomerate to about 1,221 m depth. Basement rocks 
comprised veined and siliceous argillite (assumed to be Neranleigh-Fernvale beds). 
The thick sandstone unit and the coal were not identified other than where it 
was noted that this Mesozoic unit had similarities with Landsborough Sandstone and 
the coal was high rank, such as the coals from Ipswich Coal Measures. Based on 
these data it is likely that the sedimentary rocks encountered between about 263 m 
and 1,221 m represent a sequence similar to that encountered in AAO St Helena 1 
from the Landsborough Sandstone and the underlying Tingalpa Formation. Both the 
thickness of the Tertiary age basalt and the depth to basement rocks appear to 
increase towards the south. 
Lateritisation 
The Tertiary alkali olivine basalt is assigned to the Eocene Petrie Formation, 
aged between ca 56 Ma and ca 34 Ma. Willmott and Stevens (1992) described them 
as 65 Ma to 45 Ma old. Houston (1967) suggested that the Petrie Formation basalts 
in the Nambour Basin and the basalts of the Corinda Formation (Archerfield and 
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Eight Mile Plain Basalt Member) are between 55 Ma and 45 Ma old. Current 
stratigraphic classification assigned the basalts at Wellington Point to the Petrie 
Formation at the southern extent of the Nambour Basin (Geoscience Australia). 
The vesicular, amygdaloidal basalt is deeply weathered and locally lateritised 
and has an internal profile comprising, in a descending order, well cemented caprock 
or coarse gravel size and hard ferruginous nodules underlain by either a mottled 
zone, which in turn is underlain by pale grey high plasticity clays (i.e. the pallid 
zone), red-brown earthy extremely weathered basalt or friable pale coloured basalt 
(Associated Australian Oilfields N.L 1969). 
According to Wyatt (1970) the lateritisation both pre- and post-dates the Early 
Pliocene Kosciusco epeirogeny that resulted in uplift of the continent. This is based 
on degree of lateritisation that appear to be more extensive in rocks deposited prior to 
the uplift than in those deposited after. This time of lateritisation was also adopted on 
the GSQ 1:100,000 Brisbane sheet, which indicates the process to be Oligocene to 
Pliocene in age. 
 
2.8.2 STRUCTURE 
The Ormiston fault was postulated based on surface features observed at 
Lytton and Manly as well as on borehole data between Ormiston and Banyo in the 
north (Houston 1965). The surface expression of the fault is evident on the Brisbane 
1:100,000 geology sheet 9543 (GSQ 1986) as the approximate western boundary of 
the Eocene Petrie Formation (Figure 2-3). Moreton Bay is likely to be a faulted, 
graben structure with step-down blocks forming the area occupied by the bay 
(Stephens 1992). 
The postulated fault forming the western boundary of Moreton Bay is likely to 
have been initiated as part of the opening of the Tasman Sea. The process started by 
about 95 Ma ago along the southern continental margin of Australia and propagated 
towards the north (Gaina et. al. 1998). In the Late Cretaceous (about 67.7 Ma ago) 
this process transferred rocks equivalent to the Neranleigh Fernvale beds to the Lord 
Howe Rise. By the early Paleocene the spreading propagated to the north of 
Australia and resulted in the opening of the Coral Sea. The process appears to have 
stopped by about 52 Ma (Gaina et.al. 1998). Slices of Palaeozoic and Mesozoic rocks 
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crop out on the eastern side of the small graben at Russel, Peel and North Stradbroke 
Islands (Lockhart et al. 1998). 
The formation of the graben and the faulting is coincidental with the 
outpouring of basaltic lavas (between about 65 Ma and 52 Ma ago) that have largely 
filled the northern and central portion of the graben. The basalts forming the 
lateritised platform at the research site are not related to the basaltic rocks of the 
Main Range Volcanics that are present in the wider Southeast Queensland area. The 
Main Range Volcanics represent a later volcanic event related to hot spot volcanism 
and not to the extensional tectonism, which initiated the Paleocene - Early Eocene 
age, mainly fissure type basaltic volcanism (Willmott and Stevens 1992). 
The Tertiary and younger rocks and sediments appear to be unaffected by 
faulting, at least large scale faulting, which indicates that significant tectonic 
movements in the area ceased by the Eocene. The area may have been affected by 
epeirogene uplift during the emplacement of the Main Range Volcanics (c. 25 Ma to 
20 Ma) but there is little documented evidence for this (Willmott and Stevens 1992). 
 
2.8.3 QUATERNARY SEDIMENTATION 
The last 500,000 years of the Quaternary was dominated by the cyclical 
oscillation of sea level in response to climatic changes of ice ages and interglacials 
(e.g. Hopley et al. 2007; Montaggioni and Braithwaite 2009). Since the maximum 
water depth in Moreton Bay is about 40 m, any sea level drop of more than this 
resulted in total aerial exposure of the bay area (Figure 2-8; Stephens 1992). 
Quaternary sedimentation is therefore dependent on the sea level and on the 
processes that occur during sea level changes. 
Pre-Holocene times 
Sea level data (e.g. Chappell 1983) indicate that Moreton Bay existed only for 
a period of a few thousand years in every interglacial. In the last 120,000 years the 
bay has completely drained at least four times. During low sea levels the bay area is a 
terrestrial plain exposed to hill-slope and fluvial erosion that removes most of the 
sediments deposited during the previous highstand. Available data suggest that only 
isolated, small sedimentary structures adjacent to older geological units may have 
remained (Lockhart 1998). The rivers crossing the area incised their valleys and 
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deposited their sediment loads east of the current boundaries of the bay (Thom and 
Roy 1983). During a marine transgression, a pattern of sedimentation re-occurred 
that contributed to the formation of the bay and set the sedimentary environments 
that governed the processes in the bay during that particular highstand (Thom and 
Roy 1983). 
 
End of last glacial phase 
About 18,000 yr BP, at the maximum of the last glacial period the shoreline 
was well east of the bay area (Chappell 1983; Stephens 1992). As the ice caps melted 
and sea level rose, processes were activated that contributed to the formation of 
Moreton Bay. Various authors (e.g. Ward 1978; Neil 1983; Pickett et al. 1985; Thom 
et al. 1994) suggested that reworking of the shoreline sands into the dune islands of 
Moreton and Stradbroke Island occurred either at transgressive or regressive marine 
phases. In either case it is likely that the dunes were stabilised at the location of 
topographic highs formed by remnants of Mesozoic or Palaeozoic rocks. 
The rising sea level reached the area behind the sand dune islands and the 
resulting estuarine conditions led to the infill of the incised valleys first with gravel 
in the upstream portions and then with muds (Stephens 1992). The present mean sea 
level (PMSL) was attained by the marine transgression by about 7,900 and 
7,700 yr BP (Sloss et al. 2007). By this time the lateritic platform at the research site 
at Wellington Point was covered by between 1 m and 6 m of water. 
At the peak of the post glacial transgression the environmental conditions in 
the newly created Moreton Bay were as follows: 
 The western coastline was significantly further inland than today, up to 
9 km at Hamilton and 4 km in Deception Bay (Hekel et al. 1979; Flood 
1980) 
 Only parts of the dune islands were present with the opening to oceanic 
waters much wider (Ward 1978) 
 Absence of flood tidal delta sands at the North Entrance and South Passage 
resulted in a significantly greater oceanic influx into the bay, more rapid 
flushing and greater dilution of fluvial input (Stephens 1992). 
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 Absence of Brisbane River pro-delta muds in the central bay area and 
presence of rock platform instead of mud in the central western bay (Hekel 
et al. 1979) 
 A north-east trending, funnel shaped estuary of the Brisbane River opening 
into the northern portion of the bay (Willmott and Stevens 1992). 
 Higher sea surface temperatures (SST) by about 1°C as recorded for the 
Great Barrier Reef (GBR) area (Gagan et al. 1997) and reduced SST 
variability due to the reduced ENSO (Shulmeister 1996; Gagan et al. 
1997). 
The above conditions coincide with the climatic optimum as described above 
in Section 2.7.2 and the Holocene “stillstand” that is reference to a relatively stable 
sea level at that time. The above outlined climatic changes are not unique to the 
eastern Australian coast. Similar pattern of warmer and wetter, and cooler and dryer 
periods, roughly coinciding with the timelines reconstructed for eastern Australia, 
were also reported for northern Europe (Roberts 1999). The change-overs in Europe, 
appear to have occurred around 7,800, 5,700 and 2,600 yr BP. 
 
Modern sedimentation 
Modern sedimentation in Moreton Bay is governed by the hydrodynamic 
regime and the location of sediment supplies. Modern sedimentation in the central 
and northern bay, which potentially influences conditions at the research site, reflects 
six distinct sedimentary environments, as described below, after Stephens (1992) and 
Lang et al. (1998). Spatial distribution of the various sedimentary facies is shown on 
Figure 2-3. 
Marine tidal delta sands (Qmt) are deposited both at the North Entrance flood 
tidal delta and the South Passage flood tidal delta complex, as well as along the inner 
edges of both Moreton Island and to a lesser degree, North Stradbroke Island. The 
fine grained quartzose, well sorted sands sourced from longshore drift (i.e. littoral 
drift) sediments and remobilised Pleistocene age dune sand were reworked into the 
bay by both waves and tidal flows as well by wind. The thickness of the highly 
mobile Holocene sands in the tidal flood deltas is about 10 m (Stephens 1992). 
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Fluvial delta sands (Qhmd) are deposited on the western shores of the bay at 
the Brisbane River delta and to a lesser degree at the mouth of Caboolture River. The 
fluvial sands comprise medium to coarse grained quartz lithic sands, reflecting the 
mixed lithological source areas in the catchment.  
The position of the river delta appears to be a relatively recent development as 
at the peak of the marine transgression the wide river estuary was oriented to the 
north-east (Willmott and Stevens 1992). Most of the fluvial sand was deposited in 
the north and prograded north-east into the bay (Hekel et al. 1979). Up to about 
2,000 to 3,000 ybp the main river channel occurred along the current Serpentine 
Creek alignment, north of the current delta (Stephens 1992) and the sands were 
reworked into a strandplain (Qhc) by wave action probably due to a fall in sea level. 
The migration of the Brisbane River delta and the location of the current delta are 
shown on Figure 5-16. 
The pro-delta muds (Qhmp) occur in a north-south belt east of the Brisbane 
River delta front. The pro-delta muds extend as far south as Green Island but due to 
the net clockwise tidal currents in the bay and the more northerly location of the delta 
in the past, most of the mud is deposited north of the current river mouth.  
The marine basin forming the central portion of the bay receives little or no 
sediment (Qhm) either from the tidal flood deltas on the east or from 
terrestrial/fluvial origin in the west. The area, from ~10 to 15 m water depth, locally 
has a thin veneer of fine grained sediments but essentially it is an exposed, remnant 
land surface developed during the last glacial lowstand. The Pleistocene age land 
surface comprises unconsolidated clays and pre-Holocene remnant dune sands. 
A relatively small portion of the bay is covered by carbonate-rich (Qhmr) 
sediments derived from coral fringing reefs around rocky islands and headlands, such 
as the research site at Wellington Point, in the central bay. The 1:100,000 geological 
Brisbane sheet describes this marine lithofacies as “coral in mud matrix”. According 
to Stephens (1992) the fringing reefs extend as far south as Maclay and Lamb Islands 
in the northern portion of the southern bay. The reported maximum thickness of the 
reefs is ~7 m at Mud Island (Jones et al. 1978). No coral reefs have been reported 
from the northern bay. 
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The proportion of carbonate and non-carbonate sediments is used commonly to 
assess potential stress on the corals. High terrigenous sediment loading is commonly 
cited as a cause of reef degradation (e.g. Rogers 2001; Nugues and Roberts 2003), a 
control on distribution of reefs (Woolfe and Larcombe, 1998), and an influence on 
species dominance (Johnson and Neil, 1998b). Weber et al. (2006) compared effects 
of various sediment types on corals and indicated that fine grained (silt size) 
terrigenous sediment, especially if nutrient rich, exerts the greatest 
photophysiological stress. Bothner et al. (2006) indicated that at fringing reefs on 
Molokai, very high rates of sedimentation are tolerated by the corals as most of the 
sediment is transient, resuspended sediment and does not accumulate on the reef. 
Similarly, Belperio (1983), Woolfe and Larcombe (1998) and Larcombe et al. (2001) 
indicated that parts of the near shore section of Great Barrier Reef are exposed to 
very high levels of fine sediment influx, but long-term sediment accumulation rates 
are low and coral reefs exist. 
In comparison to the conditions at the peak of the post glacial transgression at 
around 7,000 years BP (see above), the current conditions in the bay differ by the 
following (Neil 1998): 
 The extensive tidal flood deltas both at the North Entrance and South 
Passage have significantly reduced the connectivity between the bay 
and the oceanic waters 
 The oceanic flushing was also reduced by the postulated drop in sea 
level, which resulted in shallowing of waters in the tidal delta area 
 Migration of the Brisbane River delta to the southern extremity of its 
valley and the progradation of the delta and pro-delta sediments into the 
bay resulted in increase of turbidity and terrigenous sediment load in 
the northern portion of the central bay 
 Change in climatic conditions from the climatic optimum to a distinct 
ENSO-dominated, seasonal pattern with an over-riding 11-22 year 
cycle of drought/flood and wind direction pattern (El Niño and La 
Nina; Flood 1986; Shulmeister 1996) 
 Lower sea surface temperatures (SST) by about 1°C (Gagan et al. 1997) 
and increased SST variability due to the ENSO and lesser oceanic 
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influence through northerly currents that are restricted by the tidal 
deltas (Gagan et al. 1997; Shulmeister 1996). 
 Sand dune accretion on the barrier islands has reduced the geometry of 
the openings between the bay and the open ocean.  
While all the above changes from the conditions of the transgressive peak are 
documented, the timing of the change is less certain. The formation of the flood tide 
deltas appear to have been relatively rapid due to the availability of large volume of 
littoral drift sand (Stephens 1992). The climatic changes are indicated to have 
occurred about 5,000 to 4,000 yr BP while the Brisbane River delta has established 
in its current position between about 3,000 and 2,000 yr BP. 
Timing of the postulated sea level fall may have been preserved in the fossil 
record at the research site. However, a causative relationship will need to be 
established between the sea level fall and the species and abundance changes in the 
bay‟s fringing reefs. A sea level change on its own could have shifted the reef growth 
laterally, into deeper water, without affecting the species composition or the 
abundance. On the other hand, lower sea level may have resulted in altered 
environmental conditions that initiated the changes in reef growth. 
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The research comprised field work, laboratory processing of samples and 
analysis. Methods and instruments used were selected based on suitability to achieve 
the required outcomes in the anticipated conditions, availability of equipment and 
financial constraints. Supporting auxiliary data collected by others was used where 
consent was given for the use. 
 
3.1 METHODOLOGY 
3.1.1 FIELD WORK 
Drilling 
To determine the timing of coral growth and any observed change in coral 
species composition, and any preserved indicators of environmental change that may 
be related to the species change, seven boreholes were drilled through the intertidal 
portion of the reef to reach the substrate on which the corals grew. The boreholes 
were drilled roughly along two cross-sections aligned east-west, normal relative to 
the mainland, in the intertidal portion of the reef that was accessible from the 
mainland during low tide (refer Figure 2-4). 
All boreholes were drilled through the reef profile using hand auger methods 
with both Jarret auger and clay auger bits depending on the characteristics of the 
materials encountered, and casing where required. The 75 mm diameter boreholes 
were drilled to between 0.7 m and 3 m depth. Generally boreholes were initiated with 
clay crown bit and advanced from about 0.2 m with Jarrett auger bit until 
clayey/gravelly substrate was reached, which was again drilled using a clay crown 
bit. Hand auger drilling methods should reduce the risk of erroneous determination of 
the samples‟ stratigraphic position due to drilling techniques (Thom, 1978). 
The boreholes are identified as WM01 to WM07. Borehole WM02 was 
initially completed to 2.05 m depth due to equipment limits. Borehole WM07 was 
completed adjacent to borehole WM02, within a few metres and was advanced to 
2.80 m into substrate, below the reef. The two boreholes represent one continuum 
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and were discussed as one subsurface profile. Borehole WM03 was abandoned at 
2.95 m without encountering potential substrate laterite materials. Borehole location, 
elevation above various survey planes and achieved depths are shown in Table 3-1 
below. 
Table 3-1 Borehole location, elevation and depth details. 
Borehole ID Location Surface 
elevation 
(m, AHD) 
Surface 
elevation 
(m, LAT) 
Maximum drilled 
depth 
(m) 
WM01 
E 523356 
N6962725 
-0.8 0.6 1.9 
WM02/WM07 
E523377 
N6963335 
-0.9 0.4 2.80 
WM03 
E523692 
N6962577 
-0.9 0.4 2.95 
WM04 
E522954 
N6963001 
-0.8 0.6 1.05 
WM05 
E523502 
N6962423 
-0.7 0.7 1.85 
WM06 
E523199 
N6963138 
-0.7 0.7 1.85 
MA01 
E523027 
N6962969 
-0.2 1.1 0.45 
MA02 
E523028 
N6962977 
-0.2 1.1 0.35 
 
Sediments encountered in the boreholes were logged in accordance with 
Unified Soil Classification System (USCS, ASTM Standards, 1985). This 
classification system relies on either laboratory test results or visual field estimation 
of particle size and plasticity of unconsolidated material. The USCS material naming 
convention is based mainly on particle size distribution of the material. Each 
material, in this case a sediment, is named depending on the dominant particle size 
portion, e.g. a sand. If the material contains other grain sizes then the terms “trace”, 
“with” or an adjective describing the subordinate or secondary particle size are used, 
as shown in Table 3-2 below. In sediments with two subordinate particle sizes, the 
more abundant secondary component is used first (e.g. sandy muddy gravel where 
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there is more sand than mud). The main elements of the USCS are shown in 
Appendix A, together with the borehole logs. 
 
Table 3-2 Sediment naming convention used in USCS. 
Percentage present Adjective or suffix Example 
<5% “trace” Sand, trace silt 
5% to 12% “with” Sand with silt 
>12% 
Secondary component 
used as adjective 
Silty Sand 
 
Using the USCS, coral and other carbonate fragments between ~5 mm and 
63 mm are named gravel and between 63 mm and 500 mm diameter are cobbles. 
However, in the literature coral fragments >50 mm are referred to as “rubble” and 
this term was adopted in this research (e.g. Hopley 1982; Montaggioni 2005). Rubble 
was encountered both on the surface of the reef and in the boreholes. 
The samples collected for analysis from the boreholes are assumed to have 
been permanently located below mean low water spring (MLWS) level since their 
deposition and there should be only low risk of the samples being re-crystallised 
and/or contaminated by nuclear isotopes from freshwater diagenesis (Webb et al. 
2009). However, prior to processing of the samples, they were checked for 
recrystallization associated with either sub-aerial exposure or groundwater 
percolation, terrigenous sediment infill, secondary cementation and bioerosion 
(Thom 1978; Nothdurft and Webb 2009). 
Micro atolls 
Two fossil corals in growth position were identified just west of King Island, in 
the upper intertidal zone. The colonies have the generic appearance of micro-atolls 
(Hopley 1982) but the full original growth form is not known. Based on the 
morphology of the corals these two fossils were considered as micro-atolls. The two, 
approximately 0.5 m diameter micro-atolls (MA01 and MA02) appear to be in their 
growth position embedded into cemented coral shingle. A 75 mm diameter hollow 
drill bit, similar to those used to obtain cores from hardened concrete, was used to 
extract vertical cores from the outer rim and centre of MA01 and from the outer rim 
of MA02. The cores were 0.45 m and 0.35 m in length respectively. 
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Sediments 
In addition to the matrix sediments encountered in the boreholes, suspended 
and surficial sediments were collected. A multi-level sediment trap was deployed in 
the sub-tidal area of the site to capture suspended sediments at various levels in the 
water column. The trap comprised four transparent plexi-glass tubes, 50 mm in 
diameter and 300 mm in length, attached to a metal frame with four vertical legs. The 
tubes were attached at various heights. The frame was anchored with concrete 
weights to the reef surface at 1.5 m below LAT. 
The trap was deployed for more than 12 months to assess potential seasonal 
variations in sediment supply rates and content. Three tubes were lost, probably due 
to intensive wave action. Sediments were recovered from one tube with the opening 
at 0.3 m above reef surface at the end of the deployment. The recovered tube and 
sediment is shown on Figure 4-16 in Chapter 4.8 below. 
Surface sediment was collected at two locations, one in the lower intra-tidal 
zone adjacent to borehole WM01 to a depth of 50 mm and the second from a 
borehole drilled into micro-atoll MA01. The sediment from the lower intra-tidal 
location was identified as “surface sediment” while the sediment collected from the 
backfilled borehole in the micro-atoll, which is located in the upper intra-tidal zone 
where no current coral growth occurs, was identified as “backfill”. The trapped 
sediment in the micro-atoll was collected within two weeks after the completion of 
the borehole and should represent currently mobile coarse sediment. 
 
Survey 
The location of each data point, borehole and sediment collection area was 
determined by a Garmin hand held GPS with an accuracy of about ±7 m in plane. 
Surface elevation of locations in the intertidal zone was determined using a standard 
levelling technique. Starting point for the survey in vertical plane was a temporary 
survey mark (nail in the kerb) set up in the Wellington Point Park for road repair 
work for Redland City Council with indicated reduced level (RL) of 2.442 m AHD. 
The survey was closed back onto the starting point and corrections were applied 
proportionate to the approximate length of each measured interval. The horizontal 
datum used in all surveys was MGA Zone 56J. The Australian Height Datum (AHD) 
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was used for vertical datum. The relationships between AHD and tidal planes were 
adopted from DTMR Maritime Safety Queensland (2009) as shown on Figure 2-2. 
 
Over water survey 
The over water survey was carried out using a boat and a Furuno LS-4100 
depth sounder. Locations of measurements were determined using a hand held 
Garmin 76 GPS. Height of tide above LAT (i.e. level of the water surface) at the time 
of the survey was estimated from the tide charts and confirmed with Maritime Safety 
Queensland (D. Metters pers. com.). Surface elevation (RL) of the reef surface was 
calculated using the water level data at the time of the survey and the depth values, 
both in relation to LAT and AHD based on tidal planes for the 1992-2011 Tidal 
datum epoch (Maritime Safety Queensland 2009). Location of the two over water 
survey transect is shown on Figure 2-4. 
3.1.2 LABORATORY METHODS AND INSTRUMENTS 
Age determination 
The recovered carbonate skeletal material that was considered suitable for 
isotopic age determination after preliminary vetting at QUT using scanning electron 
microscopy (SEM) with the assistance of Dr Luke Nothdurft was used to determine 
absolute ages. Samples where checked for evidence of meteoric and marine 
diagenesis using small representative pieces (<1cm) following the method of 
Nothdurft and Webb (2009). The absolute ages were determined by the 
Uranium/Thorium series method, using the method described by Williams (1998); 
Zhao et al. (2001) and Yu et al. (2006). Analyses were carried out at the Radiogenic 
Isotope Facility, Centre for Microscopy and Microanalysis, The University of 
Queensland through collaboration with Dr. Gilbert Price using Thermal Ionisation 
Mass Spectrometry (TIMS). 
Analytical methods 
Duplicates of dated coral samples were analysed for major and trace element 
geochemistry using inductively-coupled plasma mass spectrometry (ICP-MS). 
Analyses were carried out at the Laurentian University, Sudbury, Canada. 
Approximately 10 mg of sample was digested in triple-distilled 5% HNO3 at room 
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temperature in pre-cleaned 14 mL polypropylene test tubes. Where necessary, an 
additional drop of concentrated triple distilled HNO3 was added to complete 
digestion. The samples were repeatedly stirred in an automatic stirrer and then 
centrifuged at 4,000 rpm for 15 minutes. An aliquot of the stock solution (typical 
dilution factors of 500 to 1,000) was gravimetrically diluted to a dilution factor of ca. 
1,500. A mixture of isotopically enriched and pure elemental solutions was added as 
internal standards to yield the following final concentrations: 6Li (4.8 ppb), In, Re 
and Bi (all 2 ppb) and 235U (1 ppb). Analyses were run on a Thermo X Series II ICP-
MS (Thermo Fisher Scientific Inc., Waltham, MA, USA) operated with high 
sensitivity Xs cones to yield typical sensitivities of ca. 400,000 cps In ppb-1and 
350,000 cps U ppb-1with CeO+/Ce+ of 1.5%. In addition to the internal standard 
correction, a second external drift correction was applied using interspersed analyses 
of a highly diluted silicate rock solution (Eggins et al. 1997). Instrument response 
was calibrated with 1:5,000 diluted solutions of U.S.G.S. standard W-2a from 
multiple digests. Additional highly diluted solutions of U.S.G.S. standards BIR-1 and 
BHVO-2 were analysed as unknowns. Oxide interferences were corrected using 
formation rates calculated from analyses of pure solutions of Ba, Nd and Dy. 
Samples were normalised to the MUQ shale standard (Kamber et al. 2005). 
X-ray diffraction (XRD) analysis 
The fine fraction (i.e. <75 µm) of the matrix sediments encountered in the 
boreholes and surficial sediments was separated by washing through a 75 µm wet 
sieve and capturing the liquid. After settlement, the water was decanted and the 
sediments dried in a low temperature oven (<45°C). 
The mineralogical composition of the <75 µm fines was determined using X-
ray diffraction (XRD) methods at Queensland University of Technology XRD 
Laboratory. To determine the clay content and mineralogy the samples were 
disaggregated and the fine fraction in suspension transferred to a silicon low 
background plate. The clay film specimens, treated with ethylene glycol, were tested 
using a Panalytic vertical diffractometer and cobalt Kα radiation. 
Split samples of the fines were micronized in a McCrone mill using agate 
beads and ethanol before dryed overnight at 40°C. A step-scanned diffraction pattern 
was collected using a Panlytical vertical diffractometer and copper Kα radiation. The 
XRD data were analysed using Jade (V9.0, Materials Data Inc.) for phase 
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identification and Sir Quant (V3.0, Sietronics Pty Ltd) for quantitative analysis using 
a Rietveld based technique. This technique normalises the phase abundances and the 
analysed phases are calculated from the known concentration of a standard phase 
(zinc oxide in this case). The method gives a residual, which can be either non-
diffracting, unidentified or amorphous matter, most commonly organic matter or 
disordered phases. 
 
Microscopy 
Selected matrix (i.e. from the boreholes), suspended (i.e. captured in the 
sediment trap) and surface sediments were washed over a 75 µm sieve, dried in a low 
temperature oven and sieved to separate size fractions. The size fraction passing 
0.425 mm and retained on 0.075 mm were analysed using low magnification 
reflected light on a stereomicroscope. This fraction was selected as particles passing 
0.075 mm are generally too small for identification using this method and fractions 
larger than 0.425 mm may not contain skeletal remains of smaller organisms and/or 
lithic grains. Portions of the separated fractions were examined to record the 
following: 
 taphonomic signatures 
 source (i.e. coral, other carbonate, lithic, etc). 
Particle size distribution 
Particle size distribution (PSD) of the -10 mm sediments was determined in 
accordance with Australian Standard AS 1141.11 and 12 by Douglas Partners Pty 
Ltd. in Brisbane, Queensland. These methods comprise dry sieving over a series of 
sieves with standard opening between 9.5 mm and 0.150 mm, and wash sieving over 
a 0.075 mm sieve. 
Environmental data 
Water temperature was initially measured by deployment of an automated 
temperature logger sourced from Queensland Parks and Wildlife Services-Moreton 
Bay Seagrass-Watch (MBCSGW), for a period of approximately 12 months, when 
maximum and minimum sea water temperatures are expected. However, the logger 
appears to have malfunctioned and no data were recovered. In lieu of water 
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temperature data from the site, MBCSGW provided temperature data for a site in 
western Waterloo Bay. Data Logger DS1921 was deployed between 21 August 2006 
and 28 July 2007 at an intertidal site (LT2) at Lota, approximately 5 km west from 
the research site. Since the water depths at the two sites are comparable, the 
temperature data set made available is considered representative for the research site. 
Temperatures were recorded by the logger every four hours. 
Nutrient level, salinity, water temperature turbidity, light penetration and 
other environmental data for the eastern Waterloo Bay, approximately 1 km west of 
the research site, were made available by ‘Healthy Waterways Queensland’ through 
the ecosystem health monitoring program (EHMP). Water quality data from site 406 
at -E27.445833/N153.231667 were collected via periodically (roughly monthly) 
deployed recording instruments. Collected raw data were supplied for the period 
between 29/02/2000 and 7/03/2011. All water quality measurements were taken at 
four water depths, generally at around 0.2 m, 2.0 m, 4.0 m and 6.0 m depth. Salinity, 
water temperature, light penetration and turbidity data from EHMP are shown on 
(Figures 4-11 to 4-14). 
 
 Chapter 4: Results 51 
Chapter 4: Results 
Spatial and quality control of physical samples was of crucial importance to the 
research. Sample and data collection levels reflect a balance between 
practicality/economy and necessity, and the aims of the research were focused on 
identified data gaps in previous work. Data can be divided into field 
observations/measurements and laboratory analyses of collected samples. Field 
observations comprise borehole logs, spatial survey, coral genus identification, depth 
measurements and temperature record. The laboratory data comprise PSD tests, U/Th 
age determination, ICP-MS analysis, XRD analysis and reflected light microscopy. 
4.1 BOREHOLES 
Sediments encountered in the boreholes were classified using the USCS 
nomenclature described in Chapter 3.1 above. The classification was based on visual 
field assessment. Boreholes drilled in the inter-tidal zone of the research area 
(Figure 2.4; refer to borehole logs in Appendix A) encountered the following facies: 
Surficial muddy sand facies was encountered in boreholes WM01, WM02, 
WM06 and WM07 from the surface to ~0.1 m depth (Figure 4-1). The surficial 
muddy sand facies comprises mainly medium to coarse grained carbonate sand with 
high plasticity brown-grey fines. Gravel to cobble size carbonate fragments (coral 
and other) also were encountered. In borehole WM03 the surface facies comprised 
medium grained carbonate sand and extended to 0.7 m depth. 
Coral fragments in muddy sand matrix (Muddy Sandy Rubble or Sandy 
Muddy Rubble facies), grey or brown-grey in colour, were encountered underlying 
the surficial sediments, except in borehole WM03. The size of fragments recovered 
was restricted by the drilling method but observations during drilling indicated that 
coral fragments >100 mm in diameter were encountered. The proportion of sand and 
mud was similar in boreholes WM01, WM02, WM06 and WM07 (i.e. ~15% mud 
and ~25% sand), but in boreholes WM04 and WM05 only a trace of mud was 
present. In borehole WM04 the proportion of the gravel size ferruginous clasts 
dominated over coral and shell fragments in the upper 0.1 m within this facies. 
Muddy Rubbly Sand facies, in which the proportion of sand is greater than 
the proportion of rubble was encountered in boreholes WM02, WM03, WM04 and 
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WM07. This facies was encountered from 0.25 m depth in borehole WM04 and from 
between 0.7 m and 1.1 m depths in boreholes WM02, WM03 and WM07 
respectively. 
Coral fragments in sandy mud matrix (Rubbly Mud or Sandy Rubbly 
Mud facies), grey-brown or brown in colour, were encountered underlying either the 
muddy sandy rubble facies or the grey muddy rubbly sand facies from between 
~0.4 m and 1.55 m depth. The upper portion of this layer has a very soft/very loose 
consistency in boreholes WM01 and WM02. Drilling in the lower portion of the 
layer was difficult due to the apparent presence of common, large and hard coral 
fragments (i.e. >100 mm in diameter). This layer was encountered in all boreholes 
but in borehole WM03 the proportion of rubble sized coral and shell fragments was 
<10%, compared to >20% in the other boreholes. 
Silty clay of high plasticity, pale grey mottled orange-brown or red-brown 
colour was encountered in all boreholes other than borehole WM03, underlying the 
rubbly mud or sandy rubbly mud facies. Coarse gravel sized ferruginous clasts were 
also encountered in the silty clay. 
In summary, the materials encountered in the boreholes appear to comprise the 
same three facies in each borehole other than WM03, in which the sandy muddy 
rubble facies underlying the surficial carbonate sands was not encountered. The reef 
sequence (i.e. excluding the thin surficial sediments and the underlying lateritised 
hard substrate) comprised the following three facies: 
 Facies 1 - upper grey muddy sandy or sandy muddy rubble facies 
 Facies 2 - middle grey-brown muddy rubbly sand facies 
 Facies 3 - lower brown sandy/rubbly mud facies. 
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Figure 4-1 Borehole log summary showing the encountered facies. A) Boreholes in the northern portion of the reef show a substrate sloping away from King Island both 
towards the west (WM04) and towards the east. B) Boreholes in the southern part of the reef show the same stratigraphy, but with locally decreased rubble and increased 
sand content (e.g. WM03). For borehole locations see Figure 2-4.
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Borehole WM03 was drilled on an existing north-east trending sand spit dissecting the 
lagoon between the inter-tidal and sub-tidal portion of the reef flat. The borehole did not 
encounter coral rubble or in situ corals but gravel size coral fragments were common in sand 
or clay dominated matrix. The subsurface facies in borehole WM03 comprised approximately 
0.7 m of pale grey and grey silty sand with ~20% gravel sized calcareous (coral and shells) 
fragments underlain by clayey rubbly sand to about 1.0 m depth, which in turn was underlain 
by grey-brown sandy rubbly mud. Mud with some sand and gravel size calcareous fragments 
was encountered from ~1.95 m depth to the depth of borehole at 2.95 m. 
4.2 CORED MICRO-ATOLLS 
Two raised sub-fossil corals in growth position were identified just west of King Island, 
in the upper intertidal zone. The colonies have the generic appearance of micro-atolls 
(Hopley 1982), but the full original growth form is not known due to some erosion of the 
upper surface of the colonies. Based on the remnant morphology of the corals these two 
fossils were considered as micro-atolls (Figure 4-2).  
 
Figure 4-2 Micro-atoll MA01 in growth position surrounded by gravel sized ferruginous clasts and 
transported coral and other carbonate fragments. 
 
The two sub-fossil micro-atolls, identified as MA01 and MA02, were cored using a 
75 mm diameter core barrel and continuous cores of the coral skeleton approximately 0.45 m 
and 0.35 m in length were recovered. Together with the coral skeleton, hard substrate 
comprising coarse gravel size ferruginous clast was also recovered from under micro-atoll 
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MA01. The substrate encountered underlying micro-atoll MA02 comprised pale grey silty 
clay with red-brown ferruginised cemented patches. 
Both micro-atolls were identified as the corals Cyphastrea spp. The recovered material 
shows several die-back surfaces and regeneration growth, generally along the same axis of 
growth as before the die-back. The growth axes are generally arranged in a radial pattern. The 
top surfaces of the micro-atolls were corroded. The presence of borers were noted but the 
bulk of the recovered cores appear to be largely unaffected by bio-erosion. Core recovered 
from micro-atoll MA02 is shown in Figure 4-3. 
 
 
Figure 4-3 Core recovered from micro-atoll MA02 from Cyphastrea colony in growth position. Note 
diagonal lower part (right of photo) and die-back surface in the middle of the core. 
 
4.3 SCANNING ELECTRON MICROSCOPY 
Representative coral samples were checked for signs of diagenesis, re-crystallisation or 
secondary cementation that could alter the geochemistry of the samples. SEM analysis 
indicated that both aragonite and high magnesium calcite (HMC) cementation is present 
mainly on the outside of the carbonate particles (Figures 4-4 and 4-5). Other than the outer 
rims, the coral skeletons do not contain such a volume of diagenetic cement that would render 
them unsuitable for dating or geochemical analysis. Framboidal pyrite and minor amounts of 
clay are present on the surface of the coral skeletal fragments (Figures 4-5 and 4-6). 
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Figure 4-44-4 SEM images of the morphologies of high Mg calcite cements in fossil coral samples 
from Wellington Point. A) HMC cement that has encrusted filamentous microbial communities 
resulting in a tubular shape on top of a heavily bioeroded coral skeleton. B) High magnification view of 
tubular shaped HMC calcite cement. HMC appears microcrystalline. C) Tubular HMC coated with 
HMC scalanohedra. D) EDX spectra of HMC calcite cement in C. Al and Si peaks caused by present 
of small amounts of clay. Scale bars = 20µm. 
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Figure 4-5 SEM images of coral skeletons that were vetted for diagenetic products prior to dating and 
geochemical analysis. A and B) low magnification images of two genera, Cyphastrea (A) and 
Acropora (B), showing that large quantities of coral skeletons viewed were relatively free of diagenetic 
cements. C and D), images of the most common marine cements that are present in isolated patches 
on some of the corals skeletons. Aragonite cement (C) is illustrated at higher magnification (E) and 
high Mg calcite (D) is shown at higher magnification in F. 
 
 
 
 
  
  
500µm 
B 
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Figure 4-6 SEM images of pyrite in coral skeletons. B and C) Individual pyrite framboid amongst HMC 
and aragonite cements respectively. Some halite also present in B. Scale bars = 10 µm. 
 
4.4 U/TH AGE DETERMINATION 
U/Th series age determinations were carried out on eight coral samples, two from the 
micro-atolls (MA01 and MA02) and six coral fragments from the boreholes (Figure 4-7).  
The micro-atoll samples are Cyphastrea spp. Samples from boreholes WM02 (1.4 m to 
1.6 m) and WM06 (0.4 m to 0.5 m) were identified as Goniopora spp. The coral fragment 
from borehole WM04 (0.6 m to 0.5 m) is likely to be Favia sp. and all other fragments from 
the boreholes are Acropora spp. U/Th series ages, depth of the samples and identified coral 
species are shown in Table 4-1 below. Detailed laboratory data are recorded in Appendix B. 
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A - WM02(0.25-0.35) - Acropora 
  
B - WM02(0.9-1.0) - Acropora 
 
C - WM02(1.4-1.6) - Goniopora 
 
D - WM07(2.3-2.5) - Acropora 
 
 
E - WM04(0.6-0.7) - Favia 
 
 
F - WM06(0.4-0.5) - Goniopora 
Figure 4-7 Cut coral samples prepared for TIMS and ICP-MS analysis. Field of view is ~50 mm wide. 
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A - MA01- Cyphastrea 
  
B - MA02- Cyphastrea 
Figure 4-8 Cut sections of the two micro-atolls selected for TIMS and ICP-MS analyses. Other than 
the discoloured, stained rim and some dieback surfaces, the skeletons are largely unaffected by 
diagenesis. Field of view for A is ~75 mm. 
 
Table 4-1 Uranium/Thorium age of coral samples showing all reef growth occurred within 
1,000 years, between 6,034 yr BP and 6,997 yr BP. 
Sample ID Coral type Corrected U/Th 
age (ybp) 
± 2 σ (years) 
MA01 Cyphastrea 6,523 63 
MA02 Cyphastrea 6,680 36 
WM02 (0.25-0.35) Acropora 6,034 37 
WM02 (0.9-1.0) Acropora 6,220 60 
WM02 (1.4-1.6) Goniopora 6,718 32 
WM04 (0.6-0.7) Favia 6,707 68 
WM06 (0.4-0.5) Goniopora 6,695 49 
WM07 (2.3-2.5) Acropora 6,997 32 
 
Relationship between the age of the samples, their elevation compared to AHD and 
LAT, and matrix type is shown in Table 4-2 below. Sample elevation was calculated to 0.1 m 
accuracy using the mid-point of the sample range. In addition to this there is an uncertainty of 
elevation of about ±0.1 m due to the applied survey technique. It is estimated that the 
accuracy of calculated sample elevations, as shown in Table 4-2 below, is about ±0.2 m. 
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Table 4-2 Dated coral sample age, elevation related to AHD and LAT, and matrix material 
type. The micro-atolls have the highest elevation of all dated samples. 
Sample ID Corrected 
U/Th age 
(yr BP) 
Sample 
elevation AHD 
(m) 
Sample 
elevation LAT 
(m) 
Material type 
MA01 6.523 ±63 - 0.2 1.1 Micro-atoll 
MA02 6,680 ±36 - 0.2 1.1 Micro-atoll 
WM02 (0.25-0.35) 6,034 ±37 - 1.2 0.1 
Grey and brown 
sandy muddy 
Rubble  
WM02 (0.9-1.0) 6,220 ±60 - 1.8 - 0.5 
Grey-brown muddy 
rubbly Sand 
WM02 (1.4-1.6) 6,718 ±32 - 2.4 - 1.1 
Brown sandy rubbly 
Mud 
WM04 (0.6-0.7) 6,707 ±68 - 1.4 - 0.1 
Brown sandy rubbly 
Mud 
WM06 (0.4-0.5) 6,695 ±49 - 1.1 0.2 
Grey and brown 
sandy muddy 
Rubble 
WM07 (2.3-2.5) 6,997 ±32 - 3.3 - 2.0 
Brown sandy rubbly 
Mud 
 
Elevation and position of the dated samples are shown on Figures 4-9 and 4-10 below. 
Locations of the boreholes, from which the samples were collected, and the locations of the 
micro-atolls are shown on Figure 2-4. The results indicate that the micro-atolls (MA01 and 
MA02) are about 1.0 m above the surface of the rest of the reef. Coral fragments from grey 
and brown sandy muddy rubble (i.e. Facies 1, samples WM02 (0.25-0.35) and WM06 (0.4-
0.5) were from elevations above RL -1.2 m AHD (above 0.1 m LAT). A coral fragment from 
a grey-brown muddy rubbly sand (Facies 2, sample WM02 (0.9-1.0)) was from RL -1.8 m 
AHD (-0.5 m LAT). The three other coral fragments were recovered from brown sandy 
rubbly mud matrix Facies 3 and were from elevations below -1.4 m AHD (below -0.1 m 
LAT). 
The two micro-atoll samples (MA01 and MA02), together with samples WM02 (0.25-
0.35) and WM06 (0.4-0.5) appear to be located above LAT and sample WM04 (0.6-0.7) is 
marginally below or at LAT. The positions of all five of these samples are currently located 
at elevations within the intertidal zone. 
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4.5 SURVEY 
Determination of borehole and micro-atoll locations in the horizontal plane as well as 
points of the over water survey was carried out to about ±7 m accuracy using hand held 
Garmin 76 GPS. This level of accuracy was considered sufficient for the purpose of the 
research. The accuracy of surface level determination, using standard levelling techniques, is 
considered to be ±0.1 m. For calculations, AHD at 1.33 m LAT was adopted as shown on 
Figure 2-2 above in Section 2.1 and in Table 4-4 below. Survey calculation sheets for both 
land and over water survey are shown in Appendix C. 
 
4.5.1 LAND BASED SURVEY 
Surface level of the boreholes and micro-atolls are shown in Table 3-1 above. The land 
based survey data indicate that all borehole/micro-atoll locations are >0.4 m above LAT and 
they are all considered intertidal. 
 
4.5.2 OVER WATER SURVEY 
Tide height at the time of survey was given for Brisbane River Bar at 1.243 m LAT. 
AHD at Wellington Point is given as 1.33 m LAT (Table 4-3, Maritime Safety Queensland). 
As the difference is only about 0.09 m, for all calculations AHD at 1.33 m was used and the 
measurements are considered accurate to ±0.2 m. The schematic cross-sections of the reef 
surface were constructed based on the calculated surface RL along the over-water survey 
sections.  
The cross-sections are shown on Figures 4-9 and 4-10 below and their locations are 
shown on Figure 2-4. The cross-sections also include surface RL at selected boreholes, which 
are located west from the over-water survey lines and subsurface profile encountered at those 
boreholes. 
Table 4-3 Relationships between tidal planes and AHD (all heights in m, from Maritime 
Safety Queensland, 2009). 
Location MHWS MHWN MLWN MLWS LAT AHD MSL HAT 
Wellington 
Point 
2.26 1.85 0.79 0.38 0.0 1.33 1.26 2.84 
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Figure 4-9 Cross-section 1 across the reef, including borehole WM01 in the southern part of the research site. The cross-section is based on land and over-water surveys. 
Both the intertidal and the sub-tidal reef have a gently sloping near planar surface and no distinct reef flat or elevated reef edge/crest can be distinguished. For section 
location refer to Figure 2-4. 
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Figure 4-10 Schematic cross-section across the central portion of the research site. Similar sedimentary facies were encountered in all three boreholes and dated coral 
fragments indicate vertical reef aggradation. Position of the micro-atolls indicates a higher then present sea level. Living corals occur mainly below -1 m LAT. 
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4.6 WATER TEMPERATURE AND QUALITY 
Water temperature and selected water quality data were analysed to assess 
suitability of water quality conditions for coral growth. Water temperature data were 
supplied by MBCSGW group for a site in western Waterloo Bay for between 21 
August 2006 and 28 July 2007 at an intertidal site (LT2) at Lota. The deployment 
time included potential lowest water temperature (winter) and potential maximum 
water temperature (summer) periods. The data record from MBCSGW is shown in 
Appendix D. 
The logger recorded ambient temperatures at every four hours. Both maximum 
and minimum spikes in the temperature record coincide with exposure to air 
temperatures during low tides. The spikes were removed from the record. However, 
the wide scatter of temperatures recorded within each 24 hours indicates that 
temperature of very shallow water on the mudflats is affected by air temperature. 
Analysis of recorded water temperatures indicated a degree of uncertainty due to 
potential partial exposure to air temperature during recordings and the effect of very 
shallow water potentially equilibrating with air temperature. Recorded water 
temperatures were corrected up by 0.5 degrees to allow for insulation factor created 
by data monitor protective casing. 
Water temperature data, together with other water quality data, such as 
turbidity (NTU number), light penetration (secchi disk depth) and salinity (mg/kg) 
were also provided by Healthy Waterways Ltd. The ecosystem health monitoring 
program (EHMP) comprises recording instruments periodically deployed at various 
fixed locations in the bay for a period of time. Monitoring location 406 is located in 
the eastern Waterloo Bay at -27.445833/153.231667, west from the research site. 
Collected raw data were supplied for the period between 29/02/2000 and 7/03/2011. 
All water quality measurements were taken each time at three or four water depths, 
generally at around 0.2 m, 2.0 m, 4.0 m and 6.0 m depth. Selected tabulated data 
from the EHMP are shown in Appendix D. Salinity, water temperature, light 
penetration and turbidity data from EHMP are shown on (Figures 4-11 to 4-14). 
Based on the above two sets of data the water temperature appears to vary 
throughout the year between about 13.25°C and 29.0°C (Figure 4-11). The winter 
minimum is generally ~16°C but <15°C water temperatures were recorded in 2007 
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and 2008. Anecdotal evidence collected from long-time local professional fisherman 
indicated that surface water temperatures in the western bay drop to a minimum of 
~11°C to 12°C but generally remain above 16°C below the depth of 1 m (M. Zipf. 
pers. comm.). 
Salinity at the monitoring location was generally between 32 and 36 ppt for an 
eight year period between 2000 and 2008 (Figure 4-12). However, between February 
2008 and February 2011 the salinity dropped to 24 and 25 ppt on two occasions. 
Subsequent salinity records indicate that near normal (i.e. >30 ppt) values were 
measured at the next monitoring period (after one month). 
Secchi disk values were used to assess light penetration. The recorded values 
vary between 0.7 m and 7.2 m (Figure 4-13). Values <4 m generally occur from 
October until May, during the wet season. Secchi disk values <2 m occur regularly in 
every wet season. 
Records for the period between February 2000 and February 2011 indicate that 
turbidity, for the most part of the year, is below 5 nephelometric turbidity unit (NTU, 
Figure 4-14). However, typically in one to three recording periods in each year the 
turbidity is >5 NTU, with a maximum recorded value in 2009 at 21 NTU. The high 
NTU values return to <5 NTU by the following recording period. 
 
 
Figure 4-11 Water temperature record between February 2000 and February 2011 for 
Waterloo Bay. Winter minimum temperature is typically ~16°C but temperature as low as 
13°C was recorded. 
 
 
10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
W
at
er
 t
em
p
er
at
u
re
 °
C
 
 67 
Chapter 4: Results 67 
 
Figure 4-12 Salinity record from February 2000 to February 2011 for Waterloo Bay. The data 
indicate periodic short duration but significant decrease in salinity values, likely to be related 
to large rain events and high discharge from Brisbane River. 
 
Figure 4-13 Light penetration record between February 2000 and February 2011 for 
Waterloo Bay, expressed as Secchi disk depth in metres. Typical wet season values are 
between 1 to 2 m depth. 
 
Figure 4-14 Turbidity record between February 2000 and February 2011 for Waterloo Bay, 
expressed as NTU. Water turbidity appears seasonal, which is likely to be related to 
discharge from Brisbane River. 
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4.7 TRACE ELEMENT GEOCHEMISTRY 
Trace element and selected major element concentrations are used to estimate 
water quality and other environmental conditions at the time of coral growth since 
seawater elemental composition equilibrates, and is preserved, in carbonate material, 
provided no re-crystallisation or cementation occurs. Selected coral fragments 
recovered from the boreholes and micro-atolls were cut to remove weathered and 
bio-eroded parts and were analysed using ICP-MS to determine trace element and 
selected major element concentrations. Tabulated ICP-MS results are shown in 
Table 4-4. Table 4-5 and Figure 4-15 show shale normalised REY data together with 
tabulated calculated anomalies. Where sufficient sample size was available, U/Th 
age determination was done on the same samples to allow correlation between any 
identified trends in the trace element concentrations and the age of the samples. 
Duplicate laboratory analyses were carried out for each sample and the sample pairs 
are identified as a and b samples. 
 
Figure 4-15 Shale normalised REY patterns of analysed coral and micro-atoll fragments. The 
patterns generally show a seawater-like pattern but the wide range of light REE depletion is 
likely to be due to terrigenous particulate contamination. 
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Table 4-4 Tabulated laboratory ICP-MS data. 
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Table 4-5 Shale-normalised REY data together with calculated La, Ce, Eu, Gd and Lu anomalies. The anomalies were calculated using formulas 
(1), (2), (3b), (4b) and (5) from Lawrence and Kamber (2005). 
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4.8 SURFACE SEDIMENTS 
Matrix sediments recovered from the boreholes represent sediments 
accumulated at the time of coral reef growth. To assess the characteristics of the 
current sediment characteristics at the site both deposited surface sediments and 
suspended sediments were collected together with the matrix sediments (refer 
section 3.1.1). Suspended sediment was trapped and recovered from an 
approximately 50 mm diameter tube with opening at about 0.3 m above the reef 
surface. The trap contained about 50 mm (≈100 cm3) of fine grained sediment 
(Figure 4-16). However, at the time of trap recovery the tube was colonised by fish 
and the sediments were considered disturbed. The sediments were not suitable to 
assess potential sedimentation rates but were assessed for PSD and composition. 
 
Figure 4-16 Recovered sediment trap tube with ~100 cm
3
 of fine grained, but disturbed, 
sediments accumulated at the bottom of the tube. 
 
Surface sediments collected in the central eastern inter-tidal portion of the site 
and in the borehole within the northern micro-atoll (MA01) were also analysed for 
composition (XRD and microscopy) and tested in the laboratory to determine PSD. 
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PSD test results are shown in Table 4-6 and Figure 4-18 below. Laboratory test result 
sheets are attached in Appendix E.  
The laboratory test results indicate that both surface sediments contained <10% 
silt and clay fraction (i.e. passing 75 µm) and mainly comprised medium to coarse 
sand sized fragments (Figure 4-17). About 88% of the trapped suspended sediments 
were <75 µm. 
 
Figure 4-17 Surface sediment comprises coarse carbonate sand with mud and coral rubble. 
Note incipient Favia coral colony recruited on a rubble fragment, located on the emergent 
reef flat between the MLWN and MLWS level. 
 
 
Table 4-6  Summary of laboratory PSD test results. Intertidal reef flat sediments 
are relatively coarse with <10% silt and clay size particles. Sand size particles are 
mainly carbonate fragments. 
Test location 
Sieve Size (mm) and cumulative % passing 
6.7 4.75 2.36 1.18 0.60 0.425 0.30 0.15 0.075 Classification 
Sediment trap  100 99 99 98 97 97 93 88 Sandy mud 
Surface sediment 100 97 91 77 52 41 28 12 7 Muddy sand 
MA01 backfill 100 90 71 57 46 40 23 12 10 Muddy sand 
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Figure 4-18 PSD of analysed sediments with the cumulative percentage (y-axis) passing 
each standard sieve (x-axis). It appears that surficial sediments are similar on the eastern, 
lower inter-tidal reef flat and at the location of the micro-atolls in the upper inter-tidal zone. 
The suspended sediments are mainly clay. 
 
4.9 X-RAY DIFFRACTION 
The X-ray diffraction test is used to determine mineralogical composition of 
the sediments, together with similarities or differences with other sediments, which is 
then used to estimate potential source areas, environmental conditions and 
sedimentary environments. The fine fraction (i.e. <75 µm) of selected matrix and 
surficial sediments was analysed for mineralogical composition using X-ray 
diffraction (XRD; QUT XRD laboratory). Samples were selected based on initial 
field identification to represent all the sedimentary facies encountered. 
The XRD analyses identified a suite of mineralogical phases present in the 
samples and the approximate proportions of those. However, several of the identified 
phases are either, a) variants of the same or similar minerals, or b) occur at 
abundance levels that are not suitable to distinguish samples. Disorganised clay 
minerals were variously reported as either halloysite or amorphous matter and were 
treated as kaolinite clays. To interpret the XRD test results, the reported mineral 
phases were grouped together and their number reduced. The conversion from the 
detailed test report to the analysed output, expressed as %, is shown in Table 4-7, 
together with the facies from which the sample was recovered. 
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Table 4-7 Percentage of various mineral phases in the fine fraction of selected 
sediments, as detected by XRD analysis. Colour coding indicates the facies from 
which the samples were recovered. 
Mineral 
phase/ 
sample 
WM02 
0.25- 
0.35 
WM02 
0.9- 
1.0 
WM02 
1.4- 
1.6 
WM04 
0.6- 
0.7 
WM06 
0.4- 
0.5 
WM06 
1.3- 
1.4 
WM07 
2.3- 
2.5 
Surface 
sediment 
MA01 
backfill 
Quartz 14.1 20.8 24.0 26.9 19.6 23.7 24.4 14.0 13.1 
Feldspar 
(anorthite ± 
albite 
4.2 7.9 8.9 5.9 6.0 4.6 5.6 5.9 5.7 
Ilite (± 
muscovite) 
6.2 10.3 9.7 10.0 6.8 7.1 5.9 0.0 0.0 
Kaolinite (± 
halloysite 
±amorphous 
matter) 
23.2 35.2 38.7 39.5 26.9 35.7 36.5 55.7 57.8 
Smectite 0.4 1.0 1.0 0.7 0.6 0.9 6.2 3.4 2.5 
Carbonate 51.5 22.5 15.8 12.3 40.0 25.7 18.7 19.0 19.1 
Fe minerals 0.4 2.3 1.9 4.7 0.0 2.3 2.7 0.8 2.9 
Sample 
elevation (m, 
LAT) 
0.1 -0.5 -1.1 -0.1 0.2 -0.6 -2.0 0.5 1.1 
Sample age 
(yr BP) 6,034 6,220 6,718 6,707 6,695 - 6,997 R R 
Facies 1 (grey) 
2 (grey-
brown) 
3 
(brown) 
3 (brown) 
1 (grey 
±brown) 
3 
(brown) 
3 
(brown) 
modern modern 
R  Surface sediment and borehole backfill from MA01 is considered as recent mobile 
sediment. 
 
Samples WM02 (0.25-0.35) and WM06 (0.4-0.5) are from the upper portion of 
the reef profile from the sandy muddy rubble facies and are of predominantly grey 
colour (facies 1). Sample WM02 (0.9-1.0) is from the grey-brown coloured muddy 
rubbly sand facies (facies 2). Samples WM02 (1.4-1.6), WM04 (0.6-0.7), WM06 
(1.3-1.4) and WM07 (2.3-2.5) are from the lower portion of the reef profile, near the 
substrate and generally of brown colour (facies 3; refer Table 4-2 above). 
Samples WM04 (0.6-0.7) and MA01 backfill are from the western, Waterloo 
Bay side of King Island and all other samples, including the surface sediment 
sample, are from the eastern reef area. The carbonate content, shown in Table 4-7 
above, comprised aragonite, low Mg calcite and high Mg calcite at the percentages 
shown in Table 4-8 below. 
  
 75 
Chapter 4: Results 75 
Table 4-8 Percentage of various carbonate minerals in the fine fraction of the 
sediments, as detected by XRD analysis. 
Mineral 
phase/ 
sample 
WM02 
0.25- 
0.35 
WM02 
0.9- 
1.0 
WM02 
1.4- 
1.6 
WM04 
0.6- 
0.7 
WM06 
0.4- 
0.5 
WM06 
1.3- 
1.4 
WM07 
2.3- 
2.5 
MA01 
Backfill 
Surface 
Aragonite 33.8 14.1 9.4 7.9 22.4 12.2 10.8 12.6 12.9 
High Mg 
calcite – 
calcite 1 
13.3 6.2 4.7 2.2 13.1 11.8 6.7 2.8 2.8 
Low Mg 
calcite – 
calcite 2 
4.4 2.2 1.7 2.2 4.5 1.7 1.2 3.7 3.3 
Sample 
elevation 
(m, LAT) 
0.1 -0.5 -1.1 -0.1 0.2 -0.6 -2.0 0.5 1.1 
Sample 
age 
(corrected 
U/Th yr 
BP) 
6,034 6,220 6,718 6,707 6,695 - 6,997 modern modern 
Facies 1 (grey) 
2 (grey-
brown) 
3 
(brown) 
3 
(brown) 
1 (grey 
±brown
) 
3 
(brown) 
3 
(brown) 
modern modern 
 
The relatively high values for high-Mg (calcite 1) calcite probably reflects high 
foraminifera/red algae content while high aragonite content is probably the result of 
high general carbonate content and in particular very fine grained carbonate. The low 
proportion of low-Mg calcite indicates that the samples are essentially un-affected by 
meteoric diagenesis. 
 
4.10 MICROSCOPY 
Representative matrix samples from the three facies identified in the boreholes, 
together with the trapped suspended and surface sediments (refer Tables 4-7 ad 4-8 
for sample list) were examined under a low magnification reflected light microscope 
to estimate proportions of various carbonate and non-carbonate components. The 
0.425 mm to 2.0 mm fraction of the sediments were used, which generally contained 
both the mineral fragments and either whole remains of small and broken up 
fragments of larger organisms. 
Initially zircon, quartz, lithic fragments, ferruginous clasts and aragonite 
needles were identified and quantified together with coral, bivalve, gastropod 
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(including micro-gastropod), foraminifera, red algae, coralline algae, sponge spicules 
and non-carbonate bioclasts. 
However, due to the persistently low abundance of some of the fragment types 
in several samples, the classification was reduced to the following groups: 
 bivalves 
 gastropods  
 coral fragments 
 lithics (ferruginuous clasts) 
 foraminifers. 
When present in the sample the following fragment types were also included 
onto the graphs: other carbonate fragments, non-carbonate bioclasts, aragonite 
needles and quartz + zircon (± lithic fragments). Proportions of various sediment 
groups in each sample are shown in Table 4-9, below. Findings of the sand size 
sediment fraction analysis are described in Chapter 5.1.3 on page 89. 
Table 4-9 Proportions of various sediment types in the fraction passing 0.425 mm 
and retained on 0.075 mm sieve. The sand sized sediments are dominated by 
carbonate fragments through the vertical profile of the reef. 
Sample/ 
Fragment 
type 
WM02 
0.25-
0.35 
WM02 
0.9-1.0 
WM02 
1.4-1.6 
WM07 
2.3-2.5 
WM04 
0.6-0.7 
WM05 
1.4-1.6 
WM05 
1.6-1.7 
WM06 
0.4-0.5 
WM06 
1.3-1.4 
Quartz 0 0 0 0.7 1.7 4.9 7.1 0 0 
Coral 7.6 18.3 19.5 12.1 14.4 4.9 3.7 12.9 20.9 
Bivalve 86.9 42.3 54.5 43.6 72.7 27.9 3.7 67.1 52.0 
Gastropod 3.7 35.6 20.1 4.4 5.4 3.4 2.1 11.8 13.2 
Lithic (Fe) 0.3 1.0 0.3 2.7 3.2 57.4 82.2 0.5 0.7 
Forams 1.2 1.0 0.7 0 2.7 1 0.4 4.0 4.0 
Coralline 
algae 
0 1.0 0.3 0 1 0 0.8 0 8.4 
Other 
carbonate 
0.3 0 1.3 36 0 0 0 3.3 0 
Non-
carbonate 
bioclasts 
0 1.0 2.6 0.5 0.7 0.5 0 0.5 0 
Crystal 
aragonite 
0 0.5 0.7 0 0 0 0 0 0 
Facies 
1 
(grey) 
2 
(grey-
brown) 
3 
(brown) 
3 
(brown) 
3 
(brown) 
- - 
2 
(grey(± 
brown) 
3 
(brown) 
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In general terms the carbonate particles comprise similar proportions of bivalves, 
corals and gastropods, throughout the reef profile except between 2.3 to 2.5 m depth 
in borehole WM07, where red algae appear to be abundant. The proportions of the 
carbonate particles also appear to be similar through various reef facies. In borehole 
WM05, which was drilled within an existing sand spit the sand sized sediments are 
dominated by ferruginous clasts in both the grey-brown sandy (Facies 2) and brown 
muddy facies (Facies 3). 
 
In addition to composition, erosion characteristics of the biogenic fragments 
were also recorded. In general terms, the sand size calcareous particles, from the 
lower portions of the reef, show little evidence of erosion or abrasion. In contrast, the 
skeletal particles from the upper one-half of the reef sediments and from both surface 
sediments (i.e. surface sediment and MA01 backfill) were significantly abraded 
(Figures 4-19 and 4-20 below). Exceptions to this were the foraminifer tests in the 
surface sediments, which were less abraded. 
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MA01 Backfill 
 
Surface sediment 
 
 
WM02(0.25-0.35) 
 
 
WM02(0.9-1.0) 
 
WM02(1.4-1.6) 
 
WM07(2.3-2.5) 
Figure 4-19 View of washed surface and matrix sediment fractions passing 0.425 mm and 
retained on 0.075 mm. Sediments closer to the substrate and older (i.e. WM02(1.4-1.6) and 
WM07(2.3-2.5)) are less abraded than both younger matrix sediments and recent surface 
sediments. Width of view is 12 mm except MA01 Backfill and Surface where it is 10 mm. 
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WM04(0.6-0.7) 
 
WM06(0.4-0.5) 
 
WM05(1.4-1.5) 
 
WM05(1.6-1.7) 
 
Figure 4-20 Sand size carbonate particles in boreholes WM04 and WM06 are slightly to 
moderately worn and sub-angular. Sediments from both the lower and upper part of borehole 
WM05 are dominated by ferruginous clasts. Width of view is 12 mm. 
 
4.11 FIELD OBSERVATIONS 
Assessment of aerial photography (Figure 2-4 in Chapter 2.4) indicates a 
complex reef morphology comprising four distinct but coalescing reef lobes, 
developed east and north of the Wellington Point jetty with a lagoon between the 
sub-tidal and the shore attached intertidal section. The lagoon appears to be dissected 
by a north-east trending sand spit (refer Figure 2-4). However, reconstruction of the 
surface elevations, based on interpolation between the land-based and over-water 
survey suggests that the apparent lagoon is more likely to represent different surface 
cover rather than a break in the surface slope of the reef (Figures 4-9 and 4-10). 
Observations made during snorkelling over the reef edge indicate that the reef 
slope has a gradual transition onto the surrounding substrate level. The transition is 
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marked by gradual reduction in living coral cover with no distinct topographic 
“edge” or “drop off” (Figures 4-9, 4-10 and 4-24). Locally, the eastern reef slope had 
>10% coral cover (Figure 4-25) despite turbid water over the modern reef. 
 
Figure 4-21 View of the reef slope/front near the eastern edge of the reef. Note gently 
inclined slope to the east, (right of photo). The lack of reef crest is typical for “incipient reefs”. 
 
 
Figure 4-22 Abundant coral cover on the eastern reef flat at about 3 m below LAT. Note 
turbid water despite photo taken in winter when phytoplankton activity was low. 
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Relatively extensive mid-Holocene fringing reefs in Moreton Bay clearly 
declined or ceased growing well prior to potential environmental influences by 
European settlers and well after presumed indigenous occupation of the region. 
Hypotheses about the decline of the reefs include increased turbidity, reduced 
minimum sea surface temperatures and relative sea level fall. The purpose of this 
research was to test those hypotheses by sampling the subsurface reef facies at the 
Wellington Point reef. 
The timing of reef growth, environmental conditions and sea level changes are 
anticipated to be inter-related. While this Chapter is divided so as to discuss findings 
related to reef morphology and structure (Chapter 5.1), mid Holocene environmental 
conditions including water quality (Chapter 5-2), development and demise of the reef 
(Chapter 5-3), modern reef environment (Chapter 5.4) and coral assemblage 
(Chapter 5.5), many of the findings and concepts are re-visited through several sub-
headings as they are relevant for several aspects of the research. 
 
5.1 REEF STRUCTURE 
Development and evolution of fringing reefs is recorded in their stratigraphy 
and geomorphology, as biological conditions affecting coral growth are dependent on 
the environment created by the interaction of many factors (James and Bourque 
1992; Perry and Larcombe 2003). Changing sea level increases or reduces 
accommodation available for coral growth or shifts the location of growth laterally 
(i.e. back-stepping or down-stepping) as the reef grows at a new sea level (Kennedy 
and Woodroffe 2002). Similarly, climate, turbidity and other hydrological conditions 
affect growth rates and community composition of the corals and the associated 
carbonate producing biota (i.e. the carbonate factory; e.g. Kleypas et al. 1999; 
Montaggioni 2005). Structure and geomorphology of the Wellington Point reef was 
assessed to determine what conditions were the main controls on its development.  
One of the goals of the present research was to test the hypotheses that reef 
morphology at Wellington Point: 1) is similar to that of fringing reefs reported in the 
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GBR and reflects „catch-up‟ growth with no progradation; or 2) reef morphology is 
similar to that of platform reefs reported in the GBR and reflects „catch-up‟ or „keep-
up‟ growth mode followed by significant progradation. 
 
5.1.1 GEOMORPHOLOGY OF THE WELLINGTON POINT REEF 
Schematic cross-sections of the Wellington Point reef, based on new survey 
data, indicate that the reef surface slopes gently seaward across the whole reef 
(Figures 4-9 and 4-10). The gradient of the reef surface is continuous over most of 
the reef at between 0.2% and 0.4% with only slight localised changes. No distinct 
horizontal reef flat, terraces or elevated reef crest can be identified on the cross-
sections. The eastern part of the reef drops from the slope edge to the substrate level 
at ~2% (Figures 4-9, 4-10 and 4-24) with no obvious abrupt slope break. The 
substrate level is defined by the distinct flattening of topography at the toe of the 
eastern slope.  
Towards King Island and the sand tombolo the reef thins to <0.5 m thickness 
(e.g. at the micro-atolls). Survey and borehole data indicate that the reef has a 
maximum sampled thickness of ~3 m, but unfortunately, the shape of the laterite 
substrate surface has not been confirmed throughout the sub-tidal portion of the reef. 
Reefs, especially fringing reefs with seaward sloping surfaces that have not 
developed a reef flat and did not fill in the available accommodation have been 
reported previously from the GBR and were termed “incipient reef” (Hopley 1982, 
Hopley et al. 1989). The surface morphology of the Wellington Point reef indicates 
that it can be classified as an incipient reef, thus consistent with Hypothesis 1. 
The cross sections presented by Flood (1978, Figure 2-5 above) indicate that 
further south at Empire Point the reef surface is planar and slopes seawards at <1%. 
The seaward edge of the reef shown on these cross-sections (Figure 2-5) are similar 
to those encountered at Wellington Point with no horizontal reef flat, terraces or 
elevated reef crest. Based on aerial photo interpretation the Wellington and Empire 
Point reefs represent one continuous reef structure. 
Aerial photo interpretation indicates that north from the Wellington Point jetty 
the reef occupies ~3 km2 (Figure 2-4). The reef extends further to the south towards 
Empire Point (Flood 1978) and the overall area covered is >5 km2. This stands in 
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stark contrast with previously described fringing reefs, and especially the incipient 
reefs in the GBR, which are mainly <1 km2 (Hopley 1982, Hopley et al. 1989). 
While the surface morphology of the Wellington Point reef suggests that it is an 
incipient reef, perhaps a new classification term should be applied for reefs with 
sloping surfaces that are >1 km2 in area. The studied reef is a very large structure to 
be termed an „incipient‟ reef. A new classification of “marginalised” reef is proposed 
for reefs such as the Wellington Point reef, which have been turned off by 
environmental conditions becoming marginal before the whole accommodation has 
been filled in, but the size of the reef is >1 km2. 
The tops of the micro-atoll colonies MA01 and MA02 are at 1.1 m above LAT 
(Figures 4-10 and 5-1). While no detailed survey of the whole reef flat surface was 
undertaken the micro-atolls were the highest observed in situ corals and are 
estimated to be in the highest position within the reef as they are close to the sand 
cay that is King Island (a local topographic high) and the laterite substrate rises 
towards the island. In comparison, the surface elevation of the reef surface at 
borehole WM04 on the western side of King Island is at 0.5 m LAT and at borehole 
WM06, approximately 200 m to the north-east from the micro-atolls, is 0.6 m LAT. 
The reef surface appears to rise very gently towards the cay from east, north and west 
(Figure 4-10). The coral colonies forming the two micro-atolls are in their growth 
position and can be considered as the highest level of recorded Holocene coral 
growth at Wellington Point. Their uppermost surfaces provide a datum for sea level 
at ~6,700-6,500 yr BP. 
As indicated on both cross-sections 1 and 2 the upper, approximately 1/3 of the 
reef is above LAT (Figures 4-9 and 4-10). This portion of the reef above LAT is 
classified as emergent reef (Hopley 1982) and is comparable with many fringing 
reefs in the GBR. 
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Figure 5-1 Elevation and corrected U/Th age of fossil coral reef samples. The reef initiation 
has progressed upslope over the laterite substrate from borehole WM02/WM07 (2.3-2.5), 
from -2 m LAT, to borehole WM04 (0.6-0.7) and to the micro-atolls (MA01 and MA02) at 
1.1 m LAT. Vertical reef aggradation of ~2.5 m occurred at the location of borehole 
WM02/WM07, but aggradation lagged behind sea level rise, as sea level was already to 
+1.1 m LAT by 6,680 year BP (MA02). 
 
5.1.2 SUBSURFACE REEF STRUCTURE 
Basic structural classification for GBR fringing reefs was developed by 
Chappell et al. (1983) who developed two models for fringing reef evolution. 
According to these two models, fringing reef flats either a) establish along the 
shoreline and prograde laterally seaward or b) establish below sea surface over a 
wide belt and aggrade vertically (catch up) to the sea level. The dated subsurface 
coral samples from the Wellington Point reef were used to test whether the reef 
evolved through lateral progradation or vertical aggradation. 
The oldest dated coral sample was collected from borehole WM02/WM07 
(2.3-2.5) from ~0.3 m above the laterite substrate level, at -2 m below LAT, and it 
dates to 6,997 (±32) yr BP age (Figures 4-10 and 5-1). A coral sample from borehole 
WM04 (0.6-0.7) was also collected from 0.3 m above the laterite substrate and its 
age is 6,707 (±68) yr BP. U/Th ages for the micro-atoll samples MA01 and MA02 
were 6,523 (±63) and 6,680 (±36) yr BP respectively, and the samples were collected 
from the central portion of an approximately 0.3 m to 0.4 m high colony. The micro-
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atoll colonies were both in growth position on the laterite substrate and about 80 m 
upslope from borehole WM04 (0.6-0.7). The ages of the micro-atolls and the coral 
samples from both boreholes (WM02/WM07 (2.3-2.5) and WM04 (0.6-0.7)) 
represent reef growth shortly after initiation. Spatial distribution and age of these 
four dated coral samples indicate that coral colony initiation may have progressed 
gradually upslope over the laterite substrate (Figure 4-10), in response to the rising 
sea levels during the post glacial transgression. 
Two samples, one each from boreholes WM02 (1.4-1.6 m) and WM06 (0.4-
0.5 m) were recovered both from 1.2 m above the laterite substrate level. The ages of 
the two samples are 6,718 and 6,695 yr BP respectively and the elevations are -1.1 m 
and 0.2 m LAT respectively. Borehole WM06 is located about 300 m towards the 
mainland from borehole WM02/WM07. Positions of these two samples (refer 
Figure 4-10) indicate that the corals were growing at different elevations at the same 
time. Hence, the reef surface aggraded more or less parallel to the sloping laterite 
substrate. This reef evolution is most consistent with Chappell‟s second, vertical 
accretion model (1983) (i.e., catch-up mode, Hypothesis 1) and the progradation 
model (Hypothesis 2) is firmly refuted. 
Hopley (1982) reported that micro-atolls form up to between MLWS and 
MLWN in the GBR area, which are at 0.38 m and 0.79 m above LAT at Wellington 
Point respectively. The two micro-atolls indicate that the minimum datum for sea 
level was >0.7 m above PMSL by 6,700 yr BP. The 6,700 yr BP age rests 
comfortably between the time ranges determined for attainment of maximum 
transgressive sea level by Baker et al. (2005) at 5,800 cal. yr BP, by Flood (1981, 
1983) and Lewis et al. (2008) at about 6,500 yr BP and by Sloss et al. (2007) at 
~7,400 yr BP. Considering the probability of spatial variation in attainment of 
maximum sea level along the eastern Australian coast, all three dates may be 
accurate for the areas where the relevant data were collected and 6,700 yr BP is 
suggested as a youngest age for initiation of the highstand for Moreton Bay. 
Vertical accretion rates 
Borehole WM02/WM07 provided a complete profile through the reef with four 
dated samples. The date and surveyed height ratios of the three sample pairs (i.e. 
0.25 m-0.35 m and 0.9 m-1.0 m; 0.9 m-1.0 m and 1.4 m-1.6 m; 1.4 m-1.6 m and 
2.3 m-2.5 m) indicate a growth rate of 3.2 mm/year, 0.12 mm/year and 3.2 mm/year 
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respectively. The total reef thickness at borehole WM02/WM07 was 2.8 m that 
appears to have accreted in ~1,000 years. The average vertical accretion rate for the 
profile represented by these samples is about 2.6 mm/year (Figure 5-2 below). 
 
Figure 5-2 Vertical accretion rates calculated using dated samples from borehole 
WM02/WM07, which was drilled through the whole reef profile. The average vertical 
accretion rate for the approximately 1,000 years of reef growth is 2.6 mm/year. 
 
Over water survey data indicates that the maximum reef thickness is between 
2.5 m and 3.0 m, provided that the laterite profile is consistent beneath it. Hence, it 
appears to have accreted between about 7,000 yr BP and 6,000 yr BP, in about 1,000 
years. Hence, the average vertical reef accretion rate of 2.6 mm/year could apply for 
the whole of the site, and thus be consistent with the „incipient‟ growth not reaching 
the same elevation everywhere. Higher accretion rates, reported for the fringing reef 
crest area in some GBR reefs (Hopley 1982), were not demonstrated at Wellington 
Point, again consistent with the absence of a distinct elevated reef flat and reef crest. 
These accretion rates are remarkably similar to those reported for similar 
incipient fringing reefs in the GBR (Hopley 1982; Smithers et al. 2006) and at 
Exmouth reef in the eastern Indian Ocean (Twiggs and Collins 2010). Vertical 
accretion rates for the Hayman Island fringing reef within the GBR were reported by 
Hopley (1982) to be about 2.9 mm/year, and up to 5 mm/year for the reef crest area. 
The reported vertical reef accretion rate for the Exmouth reef is between 1 mm and 
5 mm per year (Twiggs and Collins 2010). Regardless, the accretion rates show that 
the reef was in „catch-up‟ growth mode consistent with Hypothesis 1. 
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5.1.3 SEDIMENTS 
Fine fraction 
XRD analysis of the fine fraction of the sediments (i.e. -75µm) indicated that 
the proportion of carbonate and clastic sediments vary considerably with depth, 
topographic location and age (Table 4-7). The variations within various lithic 
components (i.e. clays, quartz, etc.) are subtle due to their relative low abundance.  
The overall carbonate content within the fine fraction of the matrix sediments 
deposited during the approximately 1,000 year of reef development changed 
considerably between about 12% and 52%. The XRD results, grouped into surface 
and the three subsurface facies, as defined in Chapter  4.1, indicate that in the lower, 
brown muddy sediments from the early stages of reef growth (facies 3), the 
proportion of carbonate clasts is lower (18%) than in the upper, grey rubbly (facies 1) 
sediments (46%; Figure 5-3). 
The proportion of iron rich mineral phases, as well as the smectite clays, 
decreased from the lower brown muddy (facies 3) sediments (2.2% and 2.9% 
respectively) towards the upper grey rubbly sediments (0.2% and 0.5% respectively). 
The gradual colour change of the sediments from brown through brown-grey to grey 
is probably controlled by the dominance of smectite clays and/or iron rich minerals 
(brown) or kaolinite clays (grey). This trend is also shown by the changes in 
kaolinite/smectite ratios from ~17 in the lower brown muddy (facies 3) sediments to 
~50 in the upper grey rubbly (facies 1) sediments (Figure 5-3). 
Despite the kaolinite/smectite ratios increasing through time, the absolute 
kaolinite content decreases from the lower brown muddy facies (38%, facies 3) 
towards the upper grey rubbly sediment (25%, facies 1), indicating a general 
decrease in clay content. Quartz shows a similar decreasing trend, as the kaolinite 
clays. 
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Figure 5-3 Percentage of various mineral phases in the fine fraction of the analysed samples 
(XRD analysis) grouped into the four identified facies. Age of facies decrease and the height 
above substrate increases from right (brown) to left (grey). 
 
The fine fraction of the middle grey-brown sandy facies (facies 2) has 
intermediate values for carbonate, smectite, iron rich mineral phases, 
kaolinite/smectite ratio, kaolinite content and quartz content. XRD data indicate that 
the middle grey-brown sandy sediments are compositionally intermediate between 
the lower and upper sediments, which is also reflected in their colour. 
The fines content of the modern, surface sediments do not follow the trends 
observed in the subsurface matrix sediment facies, other than the gradual decrease of 
quartz (± lithic). Both the carbonate content (19%) and the kaolinite/smectite ratio 
(19) are significantly lower than in the underlying upper grey rubbly (facies 1) 
sediments. There is a marked increase in both smectite and ferruginous mineral phase 
content (average ~2.9% and 1.8% respectively) compared to the upper grey rubbly 
facies. Both the kaolinite and the overall clay content of the fine fraction are higher 
in the modern sediments than they ever were during reef growth. The modern 
surficial sediments are more similar to the brown muddy (facies 3) sediments from 
the lower portion of the reef, close to the substrate than the grey rubbly (facies 1) 
sediments directly underlying them. 
Clay mineralogy through the reef profile suggests temporal changes in local 
turbidity through reef accretion with local substrate clays during the initial phase of 
reef initiation and growth, then a cleaner phase through subsequent reef growth, and 
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potentially more turbid conditions in the modern setting with a different, presumably 
fluvial sediment source. Those data are consistent with Hypothesis 5 that water 
quality may have deteriorated as turbidity increased, at least between the time of 
most active growth and today. 
 
Sand size fraction 
Other than the two sediment samples from borehole WM05, particles of 
various carbonate origin dominate the sand sized fraction of all the other seven 
representative matrix and two surface sediments (Table 4-9 and Figures 4-19 and 4-
20). From all particles, between 90% and 99% are of carbonate origin in the analysed 
samples, representing all three sedimentary facies. The carbonate particles mainly 
comprise fragments of bivalves (between 44-87%), gastropods (between 4-36%) and 
corals (between 8-21%). The only other significant carbonate particle type was 
fragments of red algae (37%) in borehole WM07(2.3-2.5) from facies 3. 
Identification of various carbonate particles was difficult in those samples, which 
were highly abraded (Figures 4-19 and 4-20). No distinct trend was detected between 
the proportion of various carbonate particles either related to their age or height 
above substrate, with the exception of the relatively high stick-shaped red alga 
content identified in the oldest sediment sample (WM07(2.3-2.5), close to the 
substrate, and in sample M06(1.3-1.4), both collected close to the substrate from 
facies 3. These two samples suggest a unique localised ecological community near 
the time of reef initation, that does not occur in the bay today and was not observed 
elsewhere in the cores. 
Two samples from brown sandy muddy gravel (facies 3) sediment from 
borehole WM05 (1.4-1.5m and 1.6-1.7m depth) had low carbonate content (38% and 
10% of the particles respectively) but high proportion of ferruginous clast (57% and 
82% respectively). These samples also contained 5% and 7% quartz (±zircon) grains, 
which is higher than in any of the other samples (Table 4-9). 
Visual assessment of the carbonate particles (Figures 4-19 and 4-20) indicated 
that the matrix sediments recovered from the lower part of the boreholes, close to the 
substrate (facies 3, samples WM07(2.3-2.5), WM04 (0.6-0.7) and WM06(1.3-1.4)) 
were mainly angular to sub-angular and slightly abraded. Two samples from the 
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middle section of the reef profile, further above the substrate, (facies 2, samples 
WM02(1.4-1.6) and WM02(0.9-1.0)) contained both highly abraded and slightly 
abraded particles. Particles in the near surface sediment from facies 1, sample 
WM02(0.25-0.35) and the two surficial sediments were highly eroded, except the 
foraminifera tests, which are considered recent. The sediment collected from the 
borehole in micro-atoll MA01, which is located on the western side of King Island, 
contained a few ferruginous clasts together with the carbonate fragments. 
The degree of abrasion of the sand size matrix sediments from less abraded 
near the floor of the reef and more abraded towards the top is indicative of vertical 
reef accretion and gradual increase in exposure to higher wave energy. The relatively 
high energy environment is likely to have had associated low turbidity conditions as 
any suspended fines in the water colum would have been prevented from settling. 
Samples WM02(0.9-1.0) and WM02(1.4-1.6) contained few loose aragonite 
needles within the sand sized fraction. Báldi (1979) suggested that inorganic 
aragonite nodules and needles may form, as secondary diagenetic products, in coral 
lagoons in tropical environments where the biogenic removal of CaCO3 is low. The 
presence of the aragonite crystals may be indicative of higher water temperatures at 
the time of matrix sediment deposition. 
Modern surficial sediments encountered on the intertidal reef slope mainly 
comprise carbonate sand with carbonate rubble (Figure 4-17), except in areas of 
seagrass colonisation where the surface sediment contains increased volume of fines 
due to the stabilising nature of the seagrass cover (Major 2001, unpublished). The 
fines content of the surface sediments outside of the seagrass areas is below 10% 
(Figure 4-18), which indicates relatively low turbidity conditions comparable to 
those during reef accretion. 
The lack of substantial thickness of surficial sediment accumulation since the 
cessation of vertical reef accretion (i.e. < 0.2 m thickness in ~6,000 years) indicates 
that most of the fine grained sediments discharged to the western bay during floods 
by the rivers, mainly the Brisbane River, accumulate away from the Wellington Point 
reef. Other than the patches colonised by seagrass and the sandy spit around borehole 
WM03, the exposed reef surface, the coral rubble and the gravel/cobble sized 
ferruginous clasts on the reef surface provide a hard substrate for coral colonisation. 
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Based on the above data it is not likely that modern reef growth is controlled by 
deposition of fine sediments and consequent lack of hard substrate availability. 
The high proportion of kaolinitic fines and lower proportion of fines of 
carbonate origin in the surface sediments is consistent with both lower carbonate 
production and higher terrigenous sediment input in recent, “post-reef accretion” 
times, again consistent with Hypothesis 5, cessation of reef growth with increased 
turbidity. 
The absence of significant coral fragment component encountered in borehole 
WM03 and the high proportion of non-carbonate sediments in borehole WM05 
suggest that the sand spit present in this area (Figure 2-4) is a long lived feature and 
is likely to have been present even during the peak of coral reef growth. It is likely 
that this is a hydrodynamic feature that has formed due to the interaction of the 
underlying laterite basement topography, tidal flows and dominant wave action 
direction. The apparent change in sedimentation throughout the reef, typified by 
change from brown muddy sediments (facies 3) through grey-brown (facies 2) and 
then grey coloured sediments (facies 1), was however noticeable in both boreholes 
WM03 and WM05 indicating the presence of the distinct sedimentary facies 
identified in other parts of the reef. While the coarse fraction of the sediments in the 
sand spit is different from those in other parts of the reef, the fine fraction reflects the 
same changes in water quality (i.e. from brown to grey fines) as the rest of the reef, 
consistent with Hypothesis 5. 
The surface sediments encountered in borehole WM04 (Figure 4-1), which is 
located west of King Island (Figure 2-4) had high ferruginous clast content. The high 
ferruginous clast content in surficial sediments at this location is attributed to 
hydrodynamic conditions that selectively remove lighter particles. 
Although some degree of bioturbation must affect the sediments through time, 
matrix sediments from the boreholes are interpreted to be largely syn-depositional 
with the enclosed coral fragments based on gradual changes in composition through 
the reef profile, and thus are expected to more or less reflect sedimentation 
conditions at the time of deposition of the coral fragments (Kennedy and Woodroffe 
2002). Higher clay content in the surface sediments compared to the subsurface 
sediments indicates that the matrix sediments largely preserved the proportions of 
original sediment content and no post-depositional infilling occurred. Similarly, the 
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age determined for the coral fragments are in the correct order and are expected to 
more or less represent the time of deposition of the matrix sediments (Hopley et al. 
2007). The gradual change of ages of coral fragments from older to younger through 
the vertical profile of the reef also indicates that bioturbation did not disturb the 
coarse sediment to a degree that would have made them unsuitable for use in the 
analyses. Hence, the core data should provide information about temporal changes in 
the reef environment. 
5.1.4 DEPOSITIONAL ENVIRONMENT 
Distinguishing the transgressive and stillstand facies is difficult as the coral 
growth conditions are similar and the various reef sediments differ little 
taphonomically, until the reef reaches sea level (Perry and Smithers 2006). Stillstand 
facies should be those that accumulated filling in available accommodation and/or 
prograded laterally. 
Based on the stratigraphic position of the three facies and the gradually upward 
younger age data, the three main reef facies encountered at the intertidal portion of 
the Wellington Point reef are interpreted to represent gradual developmental stages in 
vertical reef aggradation during the transgression. This is also supported by the 
consistency of sedimentary facies encountered between boreholes, 
 
INITIAL TRANSGRESSIVE SEDIMENTS 
The brown muddy (facies 3) sediments that comprises rubbly mud, sandy 
rubbly mud or sandy mud with rubble (refer Chapter 4.1) is interpreted to be an early 
transgressive facies at the reef, after the sea covered the substrate. The fine fraction is 
generally of brown or grey-brown colour, which distinguishes it from the overlying 
sediments in the field. Coral rubble fragments in this facies are older than 
6,700 yr BP (refer Table 4-3) and were identified in each borehole closest to the 
substrate (Figures 4-9 and 4-10). Observations during drilling indicate that coral 
colonies, either in growth position or deposited after little transport and little 
fragmentation, are abundant in the lower portion of the reef. 
The iron-rich mineral phases, as well as the relative high abundance of smectite 
clays (Figure 5-3) are related to the ferruginized/lateritised basalt substrate. In the 
early stages of the reef growth the lateritic substrate would have been exposed and 
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the resuspended brown clayey soils incorporated into the reef sediments. The relative 
low abrasion and rounding of the sand sized sediments indicates short transport and 
burial without much re-working (Figures 4-22 and 4-23). 
The carbonate factory at the time of the deposition of these sediments was in a 
growing mode and had not reached its full capacity, hence the lower overall 
carbonate content in the fine fraction. Initiation of the reef is likely to have occurred 
on laterite substrate in a wide westward moving band or in a wide belt and coral 
cover extended into the western, near-shore portion of the reef and not only at the 
eastern reef front. It is likely that the initiation band was at depth suitable for coral 
growth (i.e. around MLWS or deeper) and the reef area has probably been filled with 
the matrix sediments at the same rate as the reef framework had risen. 
It has been reported from other reefs that the early transgressive facies 
commonly reflect poor water quality caused by the advancing seas re-working of 
terrigenous sediments and relatively low carbonate production of the early reef 
(Roche et al. 2011). It appears that the brown muddy sediment facies (facies 3) at 
Wellington Point reef was deposited first after the post glacial marine transgression 
covered the reef area. 
 
LATEST TRANSGRESSIVE TO EARLY HIGHSTAND SEDIMENTS 
The grey-brown sandy facies (facies 2) and the grey rubbly facies (facies 1), 
identified in the middle and upper portion of the reef, comprised muddy and rubbly 
sand, and muddy and/or sandy rubble respectively and were interpreted as late 
transgressive to highstand facies. The coral rubble fragments recovered from these 
two facies range between 6,700 yr BP and 6,000 yr BP and accumulated 1 to 2.5 m 
below the level of the micro-atolls (Figures 4-9 and 4-10). The reef was still in a 
catch up mode during the accumulation of these two facies. 
The fine fractions of the various samples recovered from this layer shows a 
gradual increase in carbonate content and a simultaneous decrease in clay and quartz 
content (Table 4-3 and Figure 5-3). The fine sediments contain little or no iron 
mineral phases and smectite clays indicating that re-working of the substrate was no 
longer occurring. The sand sized carbonate particles are all generally well-worn and 
identification of coral and other carbonate fragments is difficult but the overall 
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proportion of carbonate clasts is similar to those in the “earlier transgressive” brown 
muddy facies (facies 3) at this site. 
The characteristics of sediments in the grey-brown sandy and grey rubble 
facies indicate that they were deposited on a reef that was being filled by fragments 
of the abundant corals growing on the whole reef slope. The reef also provided 
habitat for other carbonate producing organisms and sand and silt/clay size sediments 
became increasingly carbonate dominated. 
The identified sediment facies represent changes in the sediment input and 
depositional environment during reef development. The changes that led to the 
development of these three facies are as follows: 
 Initially the partially exposed and reworked substrate provided iron rich 
mineral phases and smectite clays and quartz sand to the reef area 
before reef growth covered it. 
 volume of calcareous sediments increased as the carbonate factory fully 
developed after the initiation period. 
 
Timing of reef accretion shut-down 
The youngest dated coral from the fossil reef at Wellington Point is 
6,034±37 yr BP, corrected U/Th years old, which is from ~0.2 m below the reef 
surface under an additional 0.1 m of recent and mobile sediment cover (Figure 4-10 
and Table 4-2). Applying a conservative vertical accretion rate of 0.25 m/100 years 
(refer heading “Vertical accretion rates” above) it is estimated that the vertical 
accretion of the reef “shut-down” occurred at ca 5,900 yr BP (corrected U/Th years). 
This date is in line with previous data for other parts of the western bay (refer 
Chapter 2.4 and Marshall 1975). 
Previous coral data in the bay indicated youngest in situ coral ages from sub-
fossil reefs of approximately 4,600 yr BP (U/Th age; Jones et al. 1978) but most 
commonly the youngest dates are about 6,000 yr BP (Marshall 1975; Flood 1984). 
Lybolt et al. (2010) dated fragmental, transported coral colonies from random sites 
around the bay and identified the following apparent growth windows on the basis of 
statistical analysis of the dates: 7,000 yr BP to 5,200 yr BP, between 4,800 yr BP and 
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4,200 yr BP, between 1,800 yr BP and 1,200 yr BP and less than 400 years old 
(corrected U/Th ages). 
Coral age data presented by Lybolt et al. (2010), other than the group older 
than 5,200 yr BP, indicate episodic coral growth in the bay, but may not be related to 
the fossil reefs under study. As their data were not collected systematically, they are 
likely to represent significant growth periods of corals rather than periods of reef 
building, and the former does not necessarily indicate the latter. As corals live in the 
bay in the present time, but do not appear to be constructing reefs comparable to the 
mid-Holocene reef, they probably lived there at varying abundance in the recent past 
with or without reef construction. Coral abundance since ~6,000 yr BP was 
apparently less than what is required to achieve vertical reef accretion. No coral reef 
facies, such as that in the present study has so far been dated younger than ~5,000 
years old. Coral growth with high species diversity but no reef accretion (neither 
aggradation or progradation) is common for “marginal reefs” as defined by Perry and 
Larcombe (2003) both in high latitude and turbid settings. Moreton Bay classifies as 
both a high latitude and a turbid setting. Regardless, the dead reef at Wellington 
Point apparently accreted between ~7,000 and ~6,000 yr BP and died abruptly 
between ~6,000 and ~5,900 yr BP (corrected U/Th ages). 
 
Applicability of fringing reef classifications in the GBR to Wellington Point 
Montaggioni (2005) summarised reefal sediments in coral reefs and Larcombe 
and Woolfe (1999) for fringing reefs in marginal conditions. Reef facies similar to 
those encountered in boreholes at Wellington Point were reported to be widespread 
in other reefs (e.g. Davies and Hopley 1983; McLean and Woodroffe 1994; Cabioch 
et al. 1995; Twiggs and Collins 2010). This indicates that the Wellington Point reef 
had similar mid-Holocene development to fringing reefs in the GBR, except that it 
remained an incipient reef, which did not fill the available accommodation despite its 
large area. 
Based on the classification by Hopley and Partain (1987) and modified by 
Hopley et al. (2007), using survey and coral age data, and considering a lateritised 
substrate platform, the Wellington Point fringing reef appears to be similar to 
category “a – rocky foreshore” (Figure 5-4). Based on this classification it would be 
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expected to have a reef flat at around MLWS or LAT and to have a reef crest. 
However, the Wellington Point reef neither has a reef crest nor reached LAT over the 
reef flat area (Figures 4-9 and 4-10). 
 
Figure 5-4 Structural classification of fringing reef flats (from Hopley et al. 2007, after Hopley 
and Partain 1987). 
 
The fringing reef development models by Kennedy and Woodroffe (2002) are 
similar to the above classification system and the Wellington Point reef is 
morphologically similar to class “A – Vertical accretion, keep up or catch up”. While 
it is similar to the category “a” and “A” reefs, the Wellington Point reef is more 
accurately described as an “incipient reef”.  
A new classification of “marginalised reef” is proposed for the Wellington 
Point reef, and all other similar reefs, which have been turned off by environmental 
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conditions before the whole accommodation has been filled in, but the size of the 
reef is >1 km2. This classification should only apply to reefs, where the current 
environmental conditions allow coral growth but no net reef accretion occurs. 
The remaining questions relate to what terminated active reef growth in 
Moreton Bay. Hypotheses 4, 5 and 6, related to environmental conditions and 
associated reef responses are tested in the following Sections. 
 
5.2 WATER QUALITY DURING REEF ACCRETION 
Hypothesis 5 is that the coral reef community ceased growing owing to 
deteriorating water quality, and in particular increased turbidity associated with 
changing climate and or the progradation of the Brisbane River. Trace element 
geochemistry preserved in coral skeletons allows inferences about the ambient 
contemporaneous water quality.  The shale normalised REY patterns from Moreton 
Bay corals show the typical characteristics of well oxygenated, shallow seawater, i.e. 
positive La anomaly, negative Ce anomaly, positive Gd anomaly, Y/Ho ratios of 
between 29.84 and 63.24, and mostly significant LREE depletion (Table 4-6 and 
Figure 4-15). However, some patterns show much less LREE depletion than others. 
In these cases, the patterns could present mixtures of seawater with more terrestrially 
influenced river waters, or they could reflect direct contamination of the coral 
skeleton with terrigenous clays. 
Direct clay contamination can be detected by elevated Al and Fe content 
because both of these elements occur in high concentrations in clays derived from 
weathering of rocks on the mainland and in the substrate (Wyndham et al. 2004). 
Concentrations of these two elements were compared to LREE depletion, which is 
used as an indicator of seawater (Lawrence and Kamber 2006). LREE depletion was 
calculated as praseodymium:dysprosium (Pr/Dy) and values approaching 1 in shale-
normalised data indicate particulate contamination (pure shale should have a 
normalise Pr/Dy ratio of ~1). Elevated LREEs in this sample set mostly correlate 
with elevated Al2O3 (Figure 5-5) and Fe2O3 (Figure 5-6), suggesting direct 
contamination of those samples by clays from the substrate. However, two samples 
[WM04(0.6-0.7)a and WM07(2.3-2.5)b] have relatively elevated LREEs despite 
having low Al2O3 and Fe2O3 concentrations [WM04(0.6-0.7)a has anomalous low 
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values for both oxides]. Based on these results samples WM02(0.9-1.0)a, 
WM06(0.4-0.5)a, WM06(0.4-0.5)b and WM07(2.3-2.5)b are likely to have 
particulate contamination, and WM04(0.6-0.7)a has anomalous behaviour for other 
reasons. 
 
 
 
Figure 5-5 Terrestrial particulate contamination is indicated by hi Al2O3 content. The high 
aluminium content (from clays) correlates well with the reduced LREE depletion (i.e. Pr/Dy 
approaching 1). 
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Figure 5-6 Terrestrial contamination is indicated by high Fe2O3 content. As with aluminium 
content, high iron content mostly correlates well with the reduced LREE depletion. 
 
High concentrations of lithofile element, such as zirconium (Zr) and scandium 
(Sc) are also indicative of terrigenous mud contamination, especially if their 
concentrations are correlated with high Al content or reduced LREE depletion 
(Kamber et al. 2005). Figure 5-7 shows that these lithofile elements also correlate 
with elevated Al in samples WM02(0.9-1.0)a, WM06(0.4-0.5)a and WM06(0.4-
0.5)b. Figures 5-8 and 5-9 show plots of Sc and Zr, respectively, against LREE 
depletion. The same three samples plot as outliers with high lithofile element content 
and are joined by WM07(2.3-2.5)b. Hence, these samples are likely to be 
contaminated by terrestrial particulate mud.  
Sample WM04(0.6-0.7)a shows anomalously low Sc concentrations. This 
sample also has very low strontium (Sr) and CaO content suggesting that there may 
have been a problem with the analysis. This sample was removed from further 
consideration. 
 
Figure 5-7 Correlation of lithofile elements with Al. Samples that have both elevated Al and 
lithofile element content are likely to be contaminated by mud. 
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Figure 5-8 Elevated lithofile element content, such as scandium (Sc), especially when 
correlating well with reduced LREE depletion is indicating terrestrial contamination of the 
sample. 
 
 
Figure 5-9 Elevated Zr content together with reduced LREE depletion is indicating terrestrial 
particulate contamination. 
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especially correlated with reduced LREE values are indicative of the presence of 
particulate contamination in the coral skeletal sample.  
Figure 5-10 shows the correlation between LREE depletion and total REE 
concentrations. The results are similar to those of the major and lithofile elements 
and indicate that samples WM02(0.9-1.0)a, WM06(0.4-0.5)a, WM06(0.4-0.5)b and 
WM07(2.3-2.5)b are likely to have particulate contamination and are thus removed 
from consideration of water chemistry. WM04(0.6-0.7)b also shows elevated total 
REEs and Sc, and may also be contaminated. 
 
 
Figure 5-10 Elevated total REE content is indicative of terrestrial particulate contamination. 
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La anomalies, negative Ce anomalies and superchondritic Y/Ho ratio. A minor 
positive Gd anomaly also occurs (Table 4-5). These non-contaminated samples were 
used in further analysis to determine potential trends in seawater chemistry that are 
indicative of water quality. 
 
Figure 5-11 Shale normalised REY pattern of uncontaminated coral samples. The pattern is 
distinctly seawater-like with positive Y and La anomalies and negative Ce anomaly. The 
positive Gd anomaly is detectable on some of the samples. 
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successfully to correlate with flood induced water quality reductions in the GBR, 
based on coral analyses (e.g. Alibert et al. 2003; Wyndham et al. 2004; Jupiter 2008). 
Seawater with less fluvial influence has less suspended particulate matter, 
which means cleaner water that is more suitable for coral growth. Organic nutrients 
are also adsorbed onto suspended fine particles and cleaner water also means lower 
nutrient content and consequently lower algal growth (e.g. Hopley 1982; Perry at al. 
2008). Clean and transparent water allows greater light penetration and aids greater 
carbonate production of the reef. Changes in LREE depletion and Y/Ho ratios during 
the reef growth period of about 1,000 years is shown on Figures 5-12 and 5-13. 
 
 
Figure 5-12 With the exception of sample WM02(0.25-0.35)a, younger uncontaminated coral 
samples (upward on graph) appear to have slightly reduced LREE depletion, indicating 
slightly deteriorating water quality and increased terrestrial or fluvial influence, but the trend 
is weak. 
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Figure 5-13 The Y/Ho ratios of uncontaminated coral samples decrease slightly through the 
reef accretion period, suggesting a slight trend towards less seawater like values through 
time (upward on graph). 
Both LREE depletion and the Y/Ho ratio appear to trend slightly towards 
poorer (less open marine) water quality with time. While the correlation is relatively 
poor for both parameters a trend can be recognised and both trends support 
decreasing water quality through time. However, based on the degree of LREE 
depletion it appears that water quality was within limits considered suitable for coral 
growth throughout the reef growth period. Webb and Kamber (2000) reported 
average Y/Ho seawater values of 56.1 from modern microbialites. The average Y/Ho 
ratio in this study was 51.6 (ranging between 41.00 and 63.24) that is indicative of 
clean water. 
Whether the above observed trends are really indicators of water quality or just 
show the presence of minute amounts of terrestrial particulate contamination can be 
determined by cross-checking against Zr content through time. Should Zr show the 
same trend as indicated by the Pr/Dy and Y/Ho ratios, it would confirm the presence 
of low volume terrestrial contamination in the samples (Jupiter 2008). 
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Figure 5-14 Poor correlation between the age of the coral samples and the Zr content 
indicates that increasing minute particulate contamination is not likely to be the cause of 
trends detected in REY patterns. The Zr content does not follow the trends detected for 
LREE depletion and Y/Ho ratio. 
 
However, Zr content of the analysed samples has very poor correlation with the 
age of the samples (Figure 5-14) and the trends detected in LREE depletion and 
Y/Ho ratios are not present. Based on the Zr content it appears that the trends shown 
in Figures 5-12 and 5-13 represent reduction in water quality rather than particulate 
contamination. 
Dissolved Ba concentration of ambient seawater is increased by the terrestrial 
sediment influx delivered by floodwaters, and Ba content of coral skeletons has been 
used successfully as proxy for exposure to terrestrial runoff (Wyndham et al. 2004; 
McCulloch et al. 2003; Jupiter 2008; Jupiter et al. 2008; Perry et al. 2008). While Ba 
content can be correlated with seasonal, annual and decadal fluctuations of terrestrial 
discharge (e.g. Wyndham et al. 2004), it can also be used to trace cross-shelf 
gradients of flood events (Jupiter et al. 2008) and monitor longer term water quality 
trends that are affected by terrestrial discharge (McCulloch et al. 2003). 
5,800 
6,000 
6,200 
6,400 
6,600 
6,800 
7,000 
7,200 
0 20 40 60 80 
A
ge
 in
 y
e
ar
s 
Zr (ppb) 
MA01 a 
MA01b 
MA02a 
MA02b 
WM02(0.25-
0.35)a 
WM02(0.25-
0.35)b 
WM02(0.9-1.0)b 
WM02(1.4-1.6)b 
WM07(2.3-2.5)a 
WM02(1.4-1.6)a 
106 
106 Chapter 5: Discussion 
 
Figure 5-15 Changes in Ba content during the reef accretion period. The strongest apparent 
trend shows increasing Ba content with time, indicating a possible increase in 
fluvial/terrestrial influence on water quality at the site. However, the trend is complicated by 
high Ba content in the three earliest samples (older than 6,700 ybp), so it is equivocal. 
 
Ba concentration of coral samples (Figure 5-15) indicates a slight trend 
towards higher concentrations in younger corals, except the three oldest samples 
from the lowest portion of the reef (WM02(1.4-1.6)a and b and WM07(2.3-2.5)a). 
These older samples are also close to the substrate and were deposited with brown, 
iron and smectite rich, matrix sediments (facies 3). The elevated Ba content 
(>9,000 ppb) of these older samples reflects the elevated Ba content in the seawater, 
which originated from the weathered surficial soils being re-worked by the 
advancing seas. 
The increase Ba content in younger samples is from <6,000 ppb at about 
6,600 yr BP to close to 10,000 ppb by 6,000 yr BP. The gradual increase appears to 
correspond to the late transgressive period. These changes are similar to the changes 
expected to occur with a gradual southward migration of the Brisbane River and 
shifts towards a more seasonal climate and a consequent increase in terrestrial runoff 
and sediment load, but could also reflect a window of very clean water in the latest 
transgression when both local substrates and the river valleys were flooded to the 
maximum, thus minimising terrestrial inputs. 
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The three samples from the lower portion of the reef profile (facies 3) are 
between 6,700 and 7,000 year old (corrected U/Th age; WM02(1.4-1.6)a and b and 
WM07(2.3-2.5)a). The high Ba content of these samples, between about 9,000 ppb 
and 11,000 ppb, could either represent “wet years”, (McCulloch et al. 2002) with 
high sediment discharge into the bay or the presence of re-worked soils suspended by 
the rapidly transgressing waters early during the inundation of the reef. More data 
would be needed to test either hypothesis. 
The gradual increase in Ba content in the samples younger than 6,600 years, 
while potentially directly indicating increased fluvial influence, could also indirectly 
indicate the increase in seasonality and ENSO activity (see Chapter 2.7.2). A rain 
event, occurring after a drought (“drought breaking wet years” McCulloch et al. 
2003) would produce a significantly higher sediment load in the rivers, compared to 
a more regular rain event of the same intensity and magnitude. 
In summary, the analysis of the major cation and trace element content of the 
uncontaminated coral aragonite fragments indicates the following: 
 water quality during the reef accretion period was basically suitable for 
coral growth and comparable to modern seawater quality from areas 
where reef building corals grow 
 LREE depletion and Y/Ho ratios indicate a slight decrease in water 
quality (i.e. increasing fluvial influence or less open marine) with time 
 Ba content results mimic the same slightly increasing fluvial influence 
trend as the LREE depletion and Y/Ho ratios for the period after 
6,600 yr BP, but the samples have a higher Ba content before 
6,700 yr BP, potentially associated with early inundation and re-
working of local soils. 
 Terrestrial/fluvial influence is likely to have slightly increased during 
the reef accretion period 
 No rapid or drastic change in water quality (i.e. turbidity) is indicated in 
the sampled coral geochemical data, although if one occurred and was 
responsible for significant coral mortality, it would most likely not be 
preserved. 
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The generally low abundance of fine grained, clayey, terrigenous sediments 
during the reef growth period (described in Chapter 5.1) is supported by the REY 
pattern and Ba content of the coral fragments (Figures 5-12, 5-13 and 5-15). Both 
LREE depletion, Y/Ho ratio and Ba values indicate clean seawater conditions during 
reef growth. However, a weak trend of deteriorating water quality is apparent in the 
data. Due to the relatively low number of uncontaminated samples the water quality 
trends are indicative only and would need confirmation with additional sample points 
within the same age range. Regardless, the data provide some support for 
Hypothesis 5, that water quality deteriorated to some degree towards the end of the 
reef growth interval. 
 
5.3 GROWTH AND DECLINE OF THE WELLINGTON POINT REEF 
In Chapters 5.1 and 5.2 it has been established that coral reef growth at 
Wellington Point occurred in the mid-Holocene in relatively clean waters, 
comparable to conditions in the GBR, the reef structure reflects „catch-up‟ growth 
mode, and at growth rates also comparable to fringing reefs in the inner GBR. 
Whether cessation of reef growth was caused by lowering of sea level (Hypothesis 3) 
or by other environmental changes (Hypothesis 4) is tested in this chapter. 
Exposure of the reef surface due to lowering of sea level would stop any reef 
growth in the emergent part of the reef (Hypothesis 3). Reef growth would be 
restricted to sub-tidal areas, provided suitable substrate would be available. 
On the other hand, either a cumulative effect of small changes in 
environmental factors or a large scale change in one or more factors can impact on, 
or eliminate coral growth (Hypothesis 4; Kleypas et al. 1999; Buddemeier and 
Hopley 1988; Hopley et al. 2007). Water depth and light, turbidity, water 
temperature, salinity and substrate are controls that will determine abundance, 
species diversity and ultimately sustainability of coral growth (Hopley, 1982). 
Nutrient levels (Kleypas et al. 1999), suspended particulate matter, particulate 
organic matter (POM) and sedimentation were also indicated as limiting factors on 
coral growth (summarised in Fabricius 2005). 
The environmental conditions are largely controlled by either or both climate, 
sea level and geomorphologic setting. For example, the amplitude of a sea level fall 
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may not be sufficient to expose and kill the corals but could affect water quality 
through hydrodynamic factors to such a degree that would lead to decline of reef 
growth. Potential impacts on reef development at Wellington Point, by the above 
environmental conditions and controls are discussed below. 
 
5.3.1 SEA LEVEL 
The two micro-atolls indicate that the minimum datum for sea level was 
>0.7 m above PMSL by 6,700 yr BP. This age corresponds well with the time ranges 
determined for attainment of maximum transgressive sea level by Flood (1981, 
1983), Lewis et al. (2008) and Sloss et al. (2007); somewhere between 6,500 yr BP 
and ~7,400 yr BP. Corrected U/Th age of 6,700 yr BP is suggested for Moreton Bay. 
However, most of the corals are only suitable to determine minimum attained sea 
levels. 
Sloss et al. (2007) suggested that from the sea level peak of ~1.8 m to 2.0 m 
above PMSL the levels fell to ~1.5 m above the PMSL by about 5,500 yr BP before 
rising slightly again by 5,000 yr BP (Figure 2-9). This sea level oscillation 
corresponds to the timing of cessation of reef accretion at Wellington Point, but it 
could not be the proximal cause of reef decline as its amplitude is insufficient. 
Despite the slight sea level fall, large areas of the reef would have remained in the 
sub-tidal zone and further vertical growth or progradation could have occurred. The 
reef morphology at Wellington Point indicates that reef accretion shut down at about 
6,000 yr BP across its entire surface, both above, and below, the level of sea level 
fall. Hence it could not have been terminated by direct exposure during the sea level 
fall, thus refuting Hypothesis 3. Only the uppermost parts of the reef could have been 
terminated by direct exposure. Regardless, the new age data support Hypothesis 4 
that reef termination was associated with a fall in sea level at ~6,000 yr BP. Lewis et 
al. (2008) suggested a higher amplitude sea level fall after 5,000 yr BP, but that event 
would have been too late to account for the termination of the reef at Wellington 
Point. 
Emergent fringing reefs in the GBR area, similar to the Wellington Point reef, 
were described by Hopley (1982, 2007), Partain and Hopley (1989), Kennedy and 
Woodroffe (2002) and others and summarised by Smithers et al. (2006). Accretion of 
110 
110 Chapter 5: Discussion 
the emergent reefs appears to have stopped by about 5,500 yr BP, but variations with 
latitude were noted. Hopley (1982) summarised the available data for the southern 
portion of GBR (i.e. south of 19°00‟) and indicated that coral ages up to 5,530 yr BP 
were recorded within the upper 0.12 m of the reefs, 6,420 yr BP in the top 0.6 m and 
7,160 yr BP to 3 m depth. An eroded micro-atoll on the emergent fringing reef on 
Middle Island, near Bowen was also dated at 5,210 (±115) yr BP. These reported 
values correlate well with the Wellington Point dates and depths and support the 
proposed shut down of reef accretion in the emergent reefs by about 5,800 - 
5,500 yr BP in the GBR. The “shut down” was termed “turn off” by Buddemeier and 
Hopley (1988) and is reported to be a widespread phenomenon across the inner GBR 
(Partain and Hopley 1989; Kennedy and Woodroffe 2002; Smithers et al. 2006 and 
others). Twiggs and Collins (2010) reported 5,800 yr BP as possible shut down time 
for the Exmouth reef in Western Australia, suggesting that the phenomenon is not 
restricted to eastern Australia. At Wellington Point, the vertical accretion of the 
fringing reef stopped by 6,000 yr BP. Dates for reef growth collated from the 
emergent fringing reefs in the inner GBR (summarised in Hopley et al. 2007) and 
Moreton Bay (this study) do not exclude the possibility of further sea level 
oscillations in the subsequent 5,000 years. However, any higher sea levels after 
5,000 yr BP were not conducive to continued vertical reef accretion at Wellington 
Point. The re-start of reef accretion, reported for the GBR (Smithers et al. 2006) after 
about 4,000 yr BP, has occurred at Wellington Point. 
Such a widespread decline of fringing reefs, as has been reported, cannot be 
explained simply by the exposure produced by a slight fall in sea level (refer 
Figure 4-9, Sloss et al. 2007). If climatic conditions remained the same, even if sea 
level fell slightly, why was there no lateral or vertical accretion in the sub-tidal 
portion of the Wellington Point reef? The absence of widespread lateral progradation 
of reefs after the suggested slight sea level fall, regardless of the timing of it, and the 
general uniformity of timing of the demise of the fringing reefs indicates that some 
other broad scale factor have also contributed to the control of the reef growth.  
Regardless, although a potentially eustatic sea level fall coincides with reef 
termination at Wellington point, consistent with Hypothesis 3, other environmental 
issues must be responsible for termination of the lower elevation, most distal, 
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subtidal parts of the catch-up reef, because the entire reef surface would not have 
been exposed. Hence the data better support Hypothesis 4. 
5.3.2 ENVIRONMENTAL CHANGES 
As a slight sea level fall would have affected only the highest part of the 
Wellington Point reef at ~6,000 yr BP, it is likely that associated or coincidental 
changes in environmental conditions have affected reef growth. Calculated reef 
accretion and trace element data (Chapter 5.1 and 5.2) indicate that environmental 
conditions at the time of reef accretion in western Moreton Bay may have been 
broadly comparable to those that existed within the GBR in the mid-Holocene. 
Vertical reef growth rates comparable to those reported from the GBR suggest that 
the reef was not under significant stress and the carbonate production was similar to 
GBR fringing reefs during the reef growth window. 
According to previous climatic studies the climatic optimum between about 
7,000 and 5,800 yr BP was characterised by air temperatures as much as 2-3.5°C 
warmer than present day, higher rainfall, reduced seasonality, and the absence of the 
ENSO (e.g. Dodson et al. 1986; Kershaw and Nix 1988; Bell and Walker 1992 and 
Shulmeister 1996). The optimal climatic conditions resulted in consistent and 
increased vegetation cover in the catchments of the rivers discharging into the bay. 
While the discharge was probably higher, due to increased and non-seasonal 
vegetation cover, the sediment input into Moreton Bay was lower during this period 
(Neil, 1998), coinciding with the reef growth at Wellington Point. Minimum air 
temperatures higher than those today would have resulted in higher minimum sea 
surface temperatures. Cleaner and warmer waters with good connectivity to oceanic 
waters thus apparently favoured the rapid growth of reef building corals that formed 
the fringing reefs in about 1,500 years at Wellington Point. 
However, REY data through the reef profile indicate slight deterioration of the 
“oceanic” waters towards the end of the period of reef growth, possibly suggesting 
an increase in terrestrial/fluvial influence. Such an increase in terrestrial influence 
could reflect increased fluvial output, greater proximity to fluvial sources, or 
increased restriction of the bay. In the western bay the main source of suspended 
sediments and freshwater plumes is the Brisbane River. Although the retention rate 
of sediments in the proximal estuary is relatively high compared to temperate 
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estuaries (Eyre et al. 1998), during floods a sediment-laden plume of freshwater 
develops in the bay. 
Willmott and Stevens (1992), based on data from Hekel et al. (1979) and Flood 
(1980), described the evolution of the Brisbane River entrance (Figure 5-16). At the 
time of the post glacial transgression (i.e. >6,000 yr BP) the mouth of the river was 
about 15 km to the west and opening into the northern bay. Hence, the reefs at 
Wellington Point were well isolated from the fluvial sediment source during the 
primary growth window. Gradual aggradation of estuarine and alluvial sediments 
built up an extensive strandplain that diverted the river to the south, closer to the 
existing reefs by about 4,500 year ago and the progradation of the delta and the pro-
delta into the bay has occurred subsequently. 
 
Figure 5-16 Development and southward shift of Brisbane River delta in the last 6,000 years 
(From Willmott and Stevens 1992). 
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As the largest sediment input in the western bay, the Brisbane River may 
have contributed to the environmental changes at reef sites in the western bay, but it 
presumably did not prograde near enough to the reefs to be the direct cause of reef 
termination by ~6,000 yr BP. Alternatively, reef accretion may have shut down as the 
climatic optimum came to an end at about 5,800 yr BP (e.g., Hypothesis 4). The 
timing of termination of Wellington Point reefs coincides better with the suggested 
start of the ENSO events, the decrease of minimum temperatures and increase in 
seasonality, which were reportedly already in place between 6,000 and 5,500 yr BP 
(e.g. Shulmeister 1996). These events would cause increased erosion of the 
catchment and increased frequency of flood plume incidence within the bay as a 
whole. 
The impact of the climatic changes and the increased influence of flooding 
from the Brisbane River may have been combined by reduction in mixing with 
oceanic waters within the bay. After inundation of the bay during initial 
transgression, wide openings existed at the bay entrances that would allow extensive 
flushing by oceanic waters. Since the post glacial transgression both the barrier 
islands enclosing the bay and the tidal deltas at the entrances have accreted at a rapid 
rate (Musk 1998). Both of these sedimentation processes would have acted to restrict 
oceanic exchange between the outside marine waters and those within the bay 
(Figure 1.1). Musk (1998) reported that locally the thickness of the Holocene tidal 
delta sands in the Northern Entrance is up to 17 m. The cross sectional area available 
for oceanic exchange was reduced due to the constricted entrances and height of the 
tidal deltas. The conditions in the bay would have become more estuarine than 
marine in time. 
Reduced oceanic exchange would also have affected the circulation patterns 
and other hydrological processes in the bay. The wave energy reaching the western 
coast of the bay would have become lower and vertical mixing rates would have 
been reduced resulting in more extreme conditions in the estuary. Increased riverine 
influence as lower volumes of marine waters were available for dilution would have 
significantly affected water quality. Coral mortality could reflect more frequent low 
salinity and high turbidity events from floods and lower winter minimum 
temperatures. 
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The combined effect of lower temperatures, increased fluvial impact due to the 
increased seasonality of the climate, as well as the reduced oceanic exchange rates 
could have severely impacted the coral growth by both reducing the depth window 
available (i.e. due to turbidity) and by causing frequent mortality due to stress events, 
which reduced the carbonate production. Reef aggradation at Wellington Point may 
have ceased as a consequence of these cumulative small environmental changes, but 
timing is still the crucial issue. Importantly, even a slight drop in sea level would also 
have increased the level of restriction of the bay waters. Such physical restriction of 
the waters, combined with declining temperatures and increased fluvial runoff may 
have been the key factors in reef termination at Wellington Point (i.e., supporting 
Hypotheses 4 and 5). 
Previous workers (e.g. Chappell 1974; Veron 1992, 1995; Cabioch et al. 1995) 
indicated that coral communities in the tropics and oceanic regions are less exposed 
to environmental stressors than their subtropical counterparts living adjacent to a 
terrestrial mass. Fringing coral reefs in Japan and New Caledonia suffered reduction 
in species diversity, growth rate and coral cover due to environmental changes while 
non-marginal reefs were less affected. Several emergent reefs in the GBR area have 
prograded laterally subsequent to the mid-Holocene, or initiated on new available 
hard substrate (e.g. Hopley 1982 and Hopley and Partain 1987). This was possible 
due to the climatic conditions favouring coral growth still being present in the GBR, 
unlike at Wellington Point.  
In summary, at ~6,000 yr BP, the conditions for coral growth changed 
significantly in Moreton Bay. Changes in water quality associated with increased 
fluvial influx and declining temperatures as the bay became increasingly restricted in 
part due to a small sea level fall caused the abundance of the coral community to fall 
below the level required for aggradation of the reef. However, unlike in fully oceanic 
fringing reefs in the GBR, the ongoing effect of the climatic and oceanographic 
changes during the subsequent 6,000 years apparently have not allowed the coral 
community to fully recover in western Moreton Bay so as to reinitiate reef 
aggradation. 
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5.4 MODERN WATER QUALITY 
Collected evidence indicates that the fringing reef at Wellington Point stopped 
growing due to reduced water quality, which was a combined consequence of small 
sea level fall, reduction in oceanic connectivity and increased riverine sedimentation 
and reduced water temperature, both due to climatic change. The following sections 
describe the modern water quality at the site and whether the modern water quality is 
suitable for coral growth that can contribute to the growth of the reef. Hypothesis 6 is 
also tested whether the water quality could control the modern coral assemblage, 
which was postulated to be different to the coral assemblage during the reef accretion 
period in the mid-Holocene. 
Water temperature 
The measured water temperatures for the period between February 2000 and 
March 2011 varied between 13.25°C and 29°C (EHMP, Figure 4-11) and for short 
periods of time (i.e. days, M. Zipf, pers. com. 2011) could be as low as 11ºC. 
Recorded water temperatures below 15°C and above 27°C appear rare in the record. 
Based on data supplied by MBCSGW (Appendix D) it appears that at least the upper 
1 m of the water column tends to equilibrate with the air temperature, which was also 
suggested by previous studies (Johnson and Neil 1998b). In summary, minimum sea 
surface (i.e. less than 1 m water depth) temperatures below 16°C are anticipated to 
occur annually in the western bay. In depths below ~-1 m LAT the minimum winter 
water temperature is typically ~16°C. 
These low minimum water temperatures are detrimental to coral growth. 
Hopley (1982) suggested that 18°C is the lower limit for significant coral growth. 
While corals grow in cooler waters, the growth rates in cool conditions are very low 
(Rao 1996; Montaggioni and Braithwaite 2009). The upper limit of modern coral 
growth at Wellington Point, not considering the few outliers at MLWS, is ~-1 m 
LAT and may be controlled by minimum sea surface temperatures. Water 
temperature below -1 m LAT is less susceptible to low air temperatures, especially in 
the presence of macro-algae or other benthic flora. It appears that below this depth 
the minimum water temperatures are generally within those tolerated by the corals, 
but fall to levels that are below the minimum required for vigorous growth. 
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The difference between the coral distribution in recent times and the reef 
growth rate recorded in the fossil reef indicates that sea surface temperatures in the 
mid Holocene were higher that the recent sea surface temperatures. Higher sea 
surface temperatures appear to have been a pre-requisite for coral growth at a rate 
that allowed accumulation of the reef. 
Salinity 
The EHMP data indicate that the salinity varied between a relatively narrow 
range of 33 ppt and 36 ppt between 2000 and 2008 (Figure 4-12). A freshwater 
plume occurred at the monitoring site (salinity of 25 ppt at 0.2 m depth) in 2008 
during the wet season, after the previous drought period. Data collected in January 
2011, about 10 days after an approximately 1 in 50 year ARI event (preliminary 
estimate) shows that the salinity in the water column was between 24.5 ppt and 
26.7 ppt at depths of 0.2 m and 6.0 m respectively. The February and March 2011 
values were around 30 ppt, five and nine weeks after the event. Similarly, data 
presented by Moss (1998) for the 1996 floods indicate that salinity was reduced to 
about 21 ppt but rebounded to about 30 ppt both three and 17 days after the flood 
event. 
Both the 2008 and 2010/2011 data indicate that the largest reduction in salinity 
values occur in the top 1 m of the water column with reduced effect at depth. The 
2008 event affected only the surface waters and no reduction in salinity was recorded 
at 2.0 m depth (34.4 ppt). 
The potential impacts of low salinity plumes are of short duration, but re-occur 
during wet seasons, especially in La Niña years. Coral mortality in Moreton Bay 
following floods was reported by Lovell (1989) and Johnson and Neil (1998a). 
However, the component of the flood (e.g. turbidity, low salinity, etc.) that most 
affected the corals and caused the mortality is not known. According to Johnson and 
Neil (1998a) low salinity plumes associated with high intensity flood events in the 
Brisbane River cause coral mortality but the coral communities recover relatively 
rapidly and to similar pre-flood assemblages. The composition of the coral 
community appears to reflect the lower susceptibility of modern dominant species to 
lowered salinity conditions, compared to Acropora spp. (Johnson and Neil 1998b). 
Lybolt et al. (2010), based on coral growth in gradually increasing water depths since 
the mid Holocene, suggested that the coral depth distribution is controlled by 
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hyposaline flood plumes in Moreton Bay. Consequently, the upper limit of modern 
coral growth in Moreton Bay is likely to be controlled by both low salinity plumes 
during floods and the low winter minimum temperatures of the surface waters. 
Consequently, the modern coral growth window is more restricted that it was during 
the peak of the reef accretion in the mid-Holocene. Either the occurrence of low-
salinity plumes was less frequent due to less seasonal climate or the plumes were 
diluted before reaching the coral reef sites due to higher degree of oceanic influx 
through the more open bay entrances. 
Turbidity and light penetration 
Recorded Secchi disk and NTU values (Figures 4-13 and 4-14) indicate that 
relatively high turbidity events (i.e. >5 NTU) occur annually in western Moreton Bay 
in the wet season. The high turbidity events are associated with reduced light 
penetration (i.e. Secci disk depth of <2 m). Similar to the salinity values, the turbidity 
also gradually reduces with depth, indicating the presence of floating floodwater 
wedges on the surface. Light attenuation due to turbidity was also noted during field 
work (refer Figure 4-22). Low light penetration conditions can persist for several 
months during the wet season. 
Based on observations during the 1996 floods Moss (1998) reported that the 
fine sediment that entered the bay settled out within two weeks and water 
discolouration for up to four weeks was due to dissolved pigments and not due to 
increased turbidity. Visual observations indicated that the fine sediment initially 
settled evenly over the bay before being re-suspended and moved to areas where 
such fine sediment accumulation occurs during normal hydrological conditions (i.e. 
northern bay). The thickness of the sediment (i.e. <0.2 m) and the PSD of it indicates 
that most of the fine sediment from the turbid waters are removed from the 
Wellington Point reef area and deposited elsewhere. 
Dennison and Abal (1999) indicated that relative spectral irradiance and 
photosynthetically active radiation (PAR) in the eastern Waterloo Bay area, adjacent 
to the research site, the light penetration to the seafloor at relatively shallow depths 
(i.e. 2 m to 3 m depths) and the PAR values in Waterloo Bay rapidly reduce below 
about 3 m depth. While Waterloo Bay is likely to have higher turbidity compared to 
the study site, similar reduction in PAR is also anticipated at the Wellington Point 
reef from about 4-5 m depth (relative to LAT). 
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The turbidity appears to have only an indirect impact on the modern corals. 
While the fine grained sediments settling out of the water column are removed 
relatively rapidly by waves and currents, light penetration is regularly reduced for 
several months during the wet season. The lower limit of coral growth is controlled 
by the turbidity and the consequent reduction in light penetration. Similar to the 
water temperatures, modern turbidity conditions in the bay have reduced the 
available coral growth window, compared to the mid-Holocene conditions. 
REE composition of the recovered mid Holocene coral fragments indicates that 
turbidity during the reef accretion period was generally low but increased towards 
the end of the reef accretion. However, based on examples from the GBR area, where 
modern coral reefs grow in high turbidity areas, it appears that turbidity did not 
control coral reef growth in the mid Holocene. 
 
5.4.1 CONTROLS ON MODERN CORAL GROWTH 
The upper limit of coral growth is likely to be controlled by both a periodic low 
salinity wedge that inundates the upper portion of the water column during floods, 
and by minimum winter sea surface temperatures that are well below the optimal 
water temperatures for corals (Figures 4-11 and 4-12). However, coral growth rates 
below ~-1 m LAT are also anticipated to be affected during high stress intervals, 
such as low water temperatures, low salinity or high suspended sediment plumes.  
The lower limit of coral growth is controlled by light penetration, which in turn is 
controlled by turbidity. While the turbidity is generally within tolerable limits for 
corals, during wet season months the light penetration is reduced to a few metres 
depth (Figure 4-13). 
During floods, the plume of freshwater and fine sediment, together with high 
organic matter and nutrient content enter the western bay, mainly from the Brisbane 
River (Moss 1998). At the same time oceanic water enters the bay from the east, 
through the bay‟s entrances and an east-west water quality gradient develops 
(Figure 5-17). The modern coral growth in western and central Moreton Bay, 
including Wellington Point, is currently outside the area with turbidity greater than 
6 NTU. It appears that in the mid Holocene the influence of oceanic waters extended 
to the western bay and the water quality was suitable for coral growth that enabled 
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reef growth. In contrast, the water quality in recent times is more estuarine due to the 
restricted oceanic connectivity and consequently the coral growth is reduced to such 
a level that is not allowing the vertical accretion of the reef.  
 
 
Figure 5-17 Typical turbidity and nutrient distribution in Moreton Bay (sourced from EHMP). 
Note that turbidity is relatively low at the study site compared with western bay areas to the 
north and south from Wellington Point. 
 
Significantly, the turbidity in western Moreton Bay area is low compared to 
locations within the inner GBR where coral growth and reef accretion currently 
occurs in turbid waters (Larcombe et al. 2001). This indicates that turbidity alone is 
not the governing factor of coral growth and reef accretion, but it may control the 
lower limit of coral growth as well as the coral assemblage. 
 
5.4.2 MODERN CORAL DISTRIBUTION 
Walk-over survey of the reef flat just below MLWS level indicated that a few 
small living coral colonies are present in this environment (see Figure 4-17). 
However, the vast majority of living coral colonies occur on the sub-tidal reef slope 
below about -1.0 m LAT (Figures 2-4, 4-9 and 4-10). 
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On the eastern reef slope the modern coral cover appears to be variable 
between ~2% and locally > 10% (Figures 4-21 and 4-22). Field observations during 
snorkelling indicated that the coral cover is not higher on the reef edge compared to 
the reef slope, as is common on reefs in the GBR. This may be due to the lack of 
distinct reef “edge”, which at Wellington Point is more a gradation onto apparently 
unsuitable substrate marked by the gradual reduction of coral cover. 
Modern coral growth is restricted at the upper limit to below ~-1 m LAT by the 
frequent low salinity wedge and the minimum temperatures. The lower limit of coral 
growth is controlled by light attenuation to ~-5 LAT. These depth constraints could 
not have existed during formation of the studied mid-Holocene reef. 
Modern sedimentation  
Modern surficial sediments encountered on the intertidal reef slope mainly 
comprise carbonate sand with fines content of the surface sediments below 10% 
(Figure 4-18). However, the proportion of kaolinite and total clay content in the 
modern sediments is more than 15% higher than the highest recorded clay content 
during the reef accretion period. The carbonate content of the modern fine grained 
sediments is lower than it was during the reef accretion. These changes in fine 
sediment composition are consistent with increased fluvial influence, increased 
sediment load from terrestrial sources and less oceanic flushing at, and after the end 
of the reef growth period. 
Weber et al. (2006) reported that sediment removal by corals is a function of 
both the composition of the sediment as well as the grainsize. Coarse (i.e. sand) 
grained sediments poor in organic and nutrient content are removed more efficiently 
than fine grained (i.e. silt and clay size) and organic/nutrient rich sediments. The 
increased clay content of the modern sediments is likely to have a more negative 
impact on coral growth than the type of sediments that were accumulating during the 
coral reef growth period in the mid-Holocene. 
Existing literature indicates that corals deal with sedimentation from turbid 
waters in different ways (Weber et al. 2006). Generally domal, foliose and platiform 
corals of genera Favia, Goniopora, Turbinaria remove sediment more effectively 
and with less disturbance to the colony compared to the staghorn type coral colonies 
(e.g. Hopley 1982; Larcombe and Woolfe 1999). 
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The postulated change in coral assemblage between the sub-fossil and the 
current coral community would be consistent with a change in turbidity (e.g. 
Kennedy and Woodroffe, 2002; Smithers et al. 2006). In Chapter 5.5 below, 
Hypothesis 6, that differences in the sub-fossil and modern coral assemblages reflect 
changing environmental conditions, possibly increased turbidity, is tested. 
 
5.5 CORAL ASSEMBLAGE 
Coral assemblages of the fringing reefs in the part of western Moreton Bay 
have changed sometime in the last 200 to 6,000 years from a staghorn Acropora spp 
dominated assemblage to a domal Faviid dominated assemblage (Flood 1978; Lybolt 
et al. 2010). However, Wells (1955) and Lybolt et al. (2010) reported Favia coral 
colonies from the mid-Holocene (5,761 yr BP) and Wallace et al. (2009) indicated 
that about 78% of living species in the bay also occur in the sub-fossil record. 
Corals recovered from the boreholes and micro-atolls include the genera 
Acropora, Cyphastrea, Goniopora and Favia in descending order of abundance, 
although the sample size is not large. The living assemblage comprises mainly Favia, 
Turbinaria, Goniopora, Acanthastrea, Cyphanstrea and Acropora in descending 
order of abundance. Coral rubble on the reef surface contains abundant branching 
Acropora fragments (see Figure 2-6) indicating that this type of coral was common 
in the sub-fossil assemblage. No branching corals were encountered in the living 
modern assemblage. The Acropora that is present in the modern assemblage is 
mainly platy A. digitifera rather than the rapid growing branching/staghorn species 
that were so abundant in the dead reef. Hence, both the more exhaustive data based 
on dredged corals presented by Wells (1955) and the site specific observations 
described above indicate that the coral assemblage remained practically the same 
since the mid-Holocene, except that branching corals are uncommon or missing from 
the modern assemblage in the western bay.  
Lybolt et al. (2010) suggested that the coral community composition change 
occurred within the last ≈200 years. However, the dated samples for the study were 
collected randomly on the reef surface, both in sub-tidal, intra-tidal and supratidal 
environments, not from a vertical profile. This sampling method can introduce 
significant uncontrolled variables that may bias the results, mainly related to 
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transport of dead coral colonies and fragments. The same research reported that 
corals younger than 800 yr BP do not occur at depths less than about 2 m below 
LAT, which is not the case at Wellington Point. At Wellington Point living coral 
colonies frequently occur in depths about 1 m below LAT and in rare cases even up 
to LAT. 
The Favia, Turbinaria, Goniopora and Cyphastrea species, together with 
A. digitifera, that dominate the current living assemblage are common in turbid 
habitats in the GBR (Queensland Museum 1998). The branching Acropora species 
that apparently were present in the fossil reef, today prefer low turbidity waters in 
moderate wave energy environments within the GBR (Hopley 1982; Kenedy and 
Woodroffe 2002). It is anticipated that similar conditions may have existed at the 
study site, at least between about 7,000 and 6,000 yr BP. The decline of turbidity-
intolerant branching Acropora since the mid-Holocene supports Hypothesis 6 that 
some differences in the ancient and modern coral communities reflect changing 
environmental conditions, in this case increasing turbidity. 
Changes from branching to more turbidity tolerant species have been reported 
elsewhere in inshore/land attached reefs (Kennedy and Woodroffe 2002; Smithers et 
al. 2006; Smithers and Larcombe 2003; Veron 1992; Cabioch et al. 1995). However, 
the branching corals at other locations were generally replaced by assemblages 
dominated by Porites. Porites is today absent from the Wellington Point site (this 
research) and from Moreton Bay (Johnson and Neil, 1998a). From this point of view 
the modern living assemblage at the site and in western Moreton Bay can be 
regarded as unique. 
Johnson and Neil (1998b) indicated that acroporids also appear to be more 
susceptible to reduced salinity than faviids. The susceptibility to low salinity may be 
true for other species as well that are less abundant in the bay today and may explain 
the absence of Porites. However, Porites is prolific in the near shore environment 
within the GBR, which may also experience low salinity conditions (e.g. Perry and 
Smithers 2006). However, western Moreton Bay is affected by minimum water 
temperatures, well below the optimum range for corals, while the near shore reefs in 
the GBR are not and this may also control the distribution of some corals. Hence, a 
variety of factors associated with reduced water quality resulting from increased 
levels of estuary restriction and declining temperatures since ~6,000 yr BP have led 
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to the cessation of active reef aggradation, changes in coral bathymetric distributions 
and changes in coral assemblages in Moreton Bay. 
 
5.6 PRESENT STATUS AND FUTURE POTENTIAL OF THE 
WELLINGTON POINT REEF 
By comparison to the platform reefs of the GBR the modern Wellington Point 
coral community could be considered as being on the brink of collapse with 
relatively low species diversity and no active reef accretion. However, as Perry and 
Larcombe (2003) stated, the Moreton coral communities should be thought of as 
“reefs in alternative states of development” rather than poor quality versions of warm 
water, low latitude, clear water reefs. 
Could the Moreton Bay region become a refuge for corals if sea level and 
global temperature rise? Based on the findings of this research the answer for short 
term is yes. It appears that the fossil reefs thrived in the mid Holocene climatic 
optimum, which was characterised by, among other things, temperatures a few 
degree higher than today and sea level at least 1 m higher than PMSL. Should similar 
climatic conditions return then similar water quality conditions may re-establish and 
the corals may grow in such an abundance to re-start the reef accretion, regardless of 
sea level. Return of the mid-Holocene climatic and sea level conditions is not likely 
however, to result in the same mid-Holocene water quality in the western bay due to 
changes in oceanic connectivity and progradation of the Brisbane River delta. 
However, as Lybolt et al. (2010) suggested, the long term potential of Moreton 
Bay as a coral refuge is low due to restricted availability of suitable hard substrate 
and frequent draining of the bay during lower sea level stages. In comparison to the 
GBR area, which is open to oceanic influences, modern Moreton Bay is a more 
enclosed system due to the growth of the tidal bars and the adjacent barrier sand 
islands, compared to the reef growth period in the mid Holocene. 
For reef aggradation to occur at any significant rate in western Moreton Bay, a 
combined effect of sea level rise or increase in oceanic connectivity and a climatic 
change would be required. The climatic change would need to result, as a minimum, 
in slightly higher minimum sea surface temperatures and preferably in less seasonal 
climate. The rise of the minimum sea surface temperatures would extend the “coral 
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growth window” from about -1 m LAT to 0 m LAT, which could increase the 
carbonate production on the bay reefs due to increased surface area and increased 
calcification rates (Buddemeier 1997; Kleypas et al. 1999). More favourable climatic 
and water quality conditions (as a consequence of increased oceanic exchange) could 
re-start the coral growth even without significant sea level rise. Any future reef 
accretion period would be anticipated to be relatively short lived as small changes in 
environmental conditions can destabilise coral reefs in the bay, as shown by this 
research. 
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The Wellington Point fringing reef is a shore attached reef that comprises an 
emergent intertidal and a sub-tidal sloping reef surface with a non-aggrading living 
coral community. The living coral community mainly comprises domal, foliaceous 
and platy coral colonies that are present in low abundance, unable to continue the 
building of the reef. This research was designed to follow on from previous studies in 
Moreton Bay and GBR to better define the nature of the Wellington Point reef and 
determine whether the cessation of reef accretion was controlled by sea level 
changes, climatic changes or environmental changes that were assumed to have 
occurred between ~6,000 and 3,000 years ago. 
The aim of this study was to find indicators in the fossil record that corals 
responded to environmental changes resulting from either lowering of sea level, 
changing sediment/circulation dynamics or climatic changes. The apparent sudden 
change in coral reef aggradation and overall reduction of coral cover established by 
previous work, indicated deteriorating water quality, specifically turbidity at the time 
of the turn off as the main control. Based on age determination of fossil corals, their 
topographic position and trace element chemistry, the timing and characteristics of 
the environmental changes were defined for the area. 
Based on collated data the following has been established: 
1. Coral initiation in the emergent part of the site started at about 7,000 yr BP 
at depths of -2 m relative to present day LAT. The maximum depth of 
colonisation, which is the maximum eastern extension of the reef, may be 
controlled by the extent of the hard lateritic substrate. Initiation along a 
wide band was indicated by corals of similar age across an east–west, 
sloping section. Reef growth was parallel to the laterite substrate, 
indicating a vertically accreting reef. There appears to have been no 
seaward progradation of the reef. 
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2. The Wellington Point reef is comparable to many of the inshore fringing 
reefs of the southern GBR in both the timing of initiation, growth rate and 
the age of the emergent part of the reef. It is also comparable structurally 
to shore attached reefs initiated on hard substrate/rocky foreshore with a 
basal transgressive reefal unit (Hopley and Partain 1986 and Kennedy and 
Woodroffe 2002). However, the Wellington Point reef is classified as an 
incipient reef, which is typified by gently seaward sloping reef surface and 
accommodation left unused by the reef before it was turned off. The 
Wellington Point reef is significantly larger than other incipient reefs 
recorded in the GBR. A new classification of “marginalised” reef is 
proposed for reefs such as the Wellington Point reef, which have been 
turned off by environmental conditions becoming marginal before the 
whole accommodation has been filled in, but the size of the reef is >1 km2. 
3. A change in the Ba content trend of the dated coral skeletons and the 
decrease in iron-rich minerals and smectite in younger sediments is 
evidence for a change in conditions at about 6,700 yr BP, probably 
coinciding with the cover of the lateritic substrate, thus producing a 
„cleaner‟ local environment and increased output from the carbonate 
factory. 
4. The age of the micro-atolls, which are located at about 1.1 m LAT, 
indicates that by 6,700 yr BP the MLWS was above this level. This date is 
between the time ranges of maximum transgressive sea level by Flood 
(1981, 1983) at about 6,500 yr BP for the eastern seaboard and by Sloss 
et al. (2007) at about 7,400 yr BP for south-eastern parts of eastern 
Australia. 
5. The youngest age for a coral fragment from ~0.2 m below the surface of 
the reef is 6,034±37 yr BP. The average calculated accretion rate for the 
reef is 2.6 mm/year. No reef accretion occurred above LAT at Wellington 
Point after the mid Holocene “turn off”. Reef morphology suggests that no 
accretion occurred even in areas that remained below LAT. 
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6. Decreasing water quality has been invoked as the main reason for the 
deterioration of the fringing reefs after the mid Holocene, at least in the 
GBR region (e,g, Kleypas 1996; Hopley et al. 2007). The shale-normalised 
REY signatures of the fossil coral fragments in this study were similar to 
those of oceanic waters indicating that water quality during the reef growth 
period was suitable for the main reef building species present today in the 
GBR. The trace element trends record minor water quality changes, 
namely the early transgressive phase with slightly higher Ba content, and 
based on LREE depletion and Y/Ho ratios a later transgressive phase with 
distinct marine signatures, together with a slight trend towards poorer 
conditions (more fluvial influence) towards the end of the reef accreting 
period. Nevertheless, no water quality “crash” at around 6,000 yr BP was 
detected that could be identified as the reason for reef turn off. All 
assessed aspects of the Wellington Point reef indicate that during reef 
accretion the water quality conditions were more or less comparable to 
those in the GBR in recent times, and in some cases better than conditions 
in inner fringing reefs in the GBR. 
7. Comparison of the subsurface fossil reef building corals and the living 
coral cover indicate that the same taxa are represented in both 
assemblages, but possibly with different proportions. The only apparent 
change is in the decrease of branching Acropora spp. in the living coral 
assemblage. The living coral community at Wellington Point typically 
comprises corals that are more tolerant to turbid waters and more resilient 
against short term extreme salinity and temperature conditions (e.g. Favia, 
Turbinaria). 
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8. Today living corals in Moreton Bay grow between about -1 m and -4 m 
LAT. This range appears to be constrained by the extremes of the water 
temperatures at the upper limit and the availability of suitable substrate 
and light penetration at the lower limit. The marginal conditions mainly 
reflect low winter surface water temperatures and the periodic high rate of 
coral mortality after flood events. Turbidity does not appear to be a 
controlling factor of coral abundance as some modern fringing reefs grow 
in much higher turbidity conditions than were interpreted for Wellington 
Point. Modern sediments generally contain < 10% fine grained sediments, 
which contain up to 20% carbonate material. The modern sediments with 
relatively high carbonate content are considered tolerable by the type of 
corals present. The modern coral community lives in marginal conditions 
due to the high latitudes and periodic high turbidity and low temperatures, 
but the fossil reef flourished in conditions comparable to conditions within 
the current GBR. 
 
6.1 FUTURE WORK 
Analysis of the acquired data indicates that good resolution of dating was 
achieved in the vertical reef profile within the intertidal portion of the reef. The data 
were used to determine both timing of the coral reef initiation, reef accretion rates, 
maximum attained sea level (with a highstand datum from two microatolls) and coral 
reef “turn off” time frame. Separation of signatures of sea level and environmental 
change, as well as determination of reef structural characteristics were also achieved 
but with some uncertainties due to lack of data in the sub-tidal portion of the reef. 
The definition of the structural characteristics could be better defined if full length 
cores would be collected through the sub-tidal portion of the reef. The data would be 
suitable to determine the timing of the turn off of the eastern, deeper part of the reef 
and the likely controlling water depth, beyond which light attenuation prevents coral 
growth. Subsurface morphology and adequate age dating could confirm whether any 
reef accretion (aggradation or progradation) occurred subsequent to the “turn-off” in 
the intertidal zone. These data could also be used to assess any indications for 
oscillating sea level after the initial sea level fall at around 5,800 years BP. 
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Initial REE and REY data indicated that after application of adequate filtering 
analysis, the data could be used to reconstruct the water quality conditions during the 
reef accretion period at relatively high resolution. Future analysis would benefit if 
additional data would become available to establish the validity of identified trends. 
Based on extended data sets the analysis could be directed to establish relationships 
between various REY signatures and their use as water quality proxies. The data 
could then be compared to coral REY signatures of modern corals both in the bay 
and in the GBR area to establish both longer term turbidity trends, coral growth 
patterns related to various turbidity conditions and likely coral reef responses to 
those conditions. Additional application of Sr/Ca and stable isotope geochemistry to 
well dated coral skeletons could also help establish sea surface temperature trends 
over the same time frames to better constrain mid-Holocene temperatures and their 
effects on coral distribution in the bay. 
Detailed survey along cross-sections covering the entire width of the reef 
should be carried out to confirm the attained reef flat surface. Some of the potential 
changes in accretion could be recorded in the topography of the reef surface, 
especially in those transitional areas, which were not assessed in this research due to 
difficulty of access. The combined data from the surface survey and the subsurface 
investigation could indicate the limits of the lateral extent of the reef and the 
governing factors on those limits. Similarly, the variations in attained reef thickness 
at various points/water depths, could indicate the growth/accretion history of the reef 
relative to the sea level at the time. 
Less related to this research but probably more important for the modern coral 
community would be to assess the diversity, coral cover and other health indicator s 
of the modern coral colonies, which could be compared to coral assemblages 
established from subsurface investigations. Identification of limiting stressors, such 
as those that control the absence of Porites corals from the western bay, would assist 
in preservation of these unique coral assemblages through informing management 
strategies. 
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Explanatory notes of soil and rock description 
 
Description of soils and rocks follow the principles and guidelines, as defined in AS1726. In engineering terms Soil includes 
every type of un-cemented or partially cemented material found in the ground. The dominant soil constituent is given in 
capital letters, with secondary textures in lower case. The dominant feature is assessed from the Unified Soil Classification 
system and a soil symbol is used to define a soil layer. 
 
METHOD 
 
Method Description 
EE Existing excavation/cutting 
HA Hand auger 
HQ Diamond core-63mm 
NMLC Diamond core –52mm 
DH Down-hole hammer 
PT Push tube 
RAB Rotary air blast 
RB Rotary blade 
RT Rotary Tricone bit 
TC Continuous flight auger w. V or TC 
bit 
WB Washbore 
 
WATER 
 
 
 Water level at date shown Partial water loss 
 
 
 Water inflow Complete water loss 
 
NFGWO:  The observation of groundwater, whether present or not, 
was not possible due to drilling water, surface seepage or cave in 
of the borehole/test pit. 
 
NFGWE:  The borehole/test pit was dry soon after excavation.  
Inflow may have been observed had the borehole/test pit been left 
open for a longer period. 
 
SAMPLING 
 
Sample Description 
B Bulk Disturbed Sample 
D Disturbed Sample 
SPT Standard Penetration Test 
U50 Undisturbed Sample –50mm 
 
 
UNIFIED SOIL CLASSIFICATION 
 
The appropriate symbols are selected on the result of visual 
examination, field tests and available laboratory tests, such as, 
sieve analysis, liquid limit and plasticity index. 
 
USC Symbol Description 
GW Well graded gravel, <5% fines 
GP Poorly graded gravel, <5% fines 
GM Silty gravel, 12-50% non-plastic fines 
GC Clayey gravel, 12-50% plastic fines 
SW Well graded sand, <5% fines 
SP Poorly graded sand, <5% fines 
SM Silty sand, 12-50% non-plastic fines 
SC Clayey sand, 12-50% plastic fines 
ML Silt of low plasticity – inorganic silt 
CL Clay of low plasticity 
OL Organic soil of low plasticity 
MH Silt of high plasticity – plastic silts 
CH Clay of high plasticity 
OH Organic soil of high plasticity 
Pt Peaty Soil 
 
MOISTURE CONDITION 
 
Dry -  Cohesionless soil grains are free-running 
Moist  -  Cohesionless soil grains tend to adhere 
Wet - Free water forms on hands when handling 
 
For cohesive soils the following codes may also be used: 
 
MC>PL Moisture Content greater than the Plastic Limit. 
MC~PL Moisture Content near the Plastic Limit. 
MC<PL Moisture Content less than the Plastic Limit. 
 
PLASTICITY 
 
The potential for soil to absorb moisture and change consistency is 
assessed from its degree of plasticity. The classification of the 
degree of plasticity in terms of the Liquid Limit (LL) is as follows: 
 
Description of Plasticity LL (%) 
Low <35 
Medium 35 to 50 
High >50 
 
COHESIVE SOILS - CONSISTENCY 
 
The consistency of a cohesive soil is defined by descriptive 
terminology such as very soft, soft, firm, stiff, very stiff and hard. 
These terms are assessed by the estimated shear strength of the 
soil at a given moisture content, as observed visually, by hand 
penetrometer values and by resistance to deformation to hand 
moulding. 
 
A Hand Penetrometer may be used in the field or the laboratory to 
provide an approximate assessment of the unconfined compressive 
strength (UCS) of cohesive soils. The undrained shear strength of 
cohesive soils is approximately half the UCS. The values are 
recorded in kPa as follows: 
 
Strength Symbol Undrained shear strength, Cu 
(kPa) 
Very Soft VS < 12 
Soft S 12 to 25 
Firm F 25 to 50 
Stiff St 50 to 100 
Very Stiff VSt 100 to 200 
Hard H > 200 
 
COHESIONLESS SOILS - RELATIVE DENSITY 
 
Relative density terms such as very loose, loose, medium, dense 
and very dense are used to describe silty and sandy material, and 
these are usually based on resistance to drilling penetration or the 
Standard Penetration Test (SPT) ‘N’ values. Other condition terms, 
such as friable may also be used. 
 
Term Symbol Density 
Index (%) 
N Value 
(blows/0.3 m) 
Very Loose VL 0 to 15 0 to 4 
Loose L 15 to 35 4 to 10 
Medium Dense MD 35 to 65 10 to 30 
Dense D 65 to 85 30 to 50 
Very Dense VD >85 >50 
 
COHESIONLESS SOILS PARTICLE SIZE DESCRIPTIVE TERMS 
 
Name Subdivision Size 
Boulders 
Cobbles 
 >200 mm 
63 mm to 200 mm 
Gravel coarse 
medium 
fine 
20 mm to 63 mm 
6 mm to 20 mm 
2.36 mm to 6 mm 
Sand coarse 
medium 
fine 
600 m to 2.36 mm 
200 m to 600 m 
75 m to 200 m 
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Rock Descriptions 
 
The rock is described with strength and weathering symbols as shown below. Other features such as bedding 
and dip angle are also defined. 
 
For METHOD and WATER refer soil description sheet. 
 
ROCK QUALITY 
 
The fracture spacing is shown where applicable and the 
Rock Quality Designation (RQD) or Total Core Recovery 
(TCR) is given where: 
 
TCR (%) = 
length of core recovered 
length of core run 
 
 
RQD (%) = 
Sum of Axial lengths of core > 100mm long 
length of core run 
 
 
ROCK MATERIAL WEATHERING 
 
Rock weathering is described using the abbreviations and 
definitions used in AS1726. AS1726 suggests that the term 
“Distinctly Weathered” (DW) may be used with the definition 
given in AS1726 to cover the range of substance weathering 
conditions between (but not including) XW and SW. 
 
Symbol Term Definition 
RS Residual 
Soil 
Soil formed on extremely 
weathered rock; the mass 
structure and substance are no 
longer evident; there is a large 
change in volume but the soil has 
not been significantly transported 
 
XW Extremely 
Weathered 
Rock is weathered to such an 
extent that it has ‘soil’ properties, 
i.e. it either disintegrates or can 
be remoulded in water but rock 
structure or texture can be 
recognised. 
 
HW  
 
 
 
 
DW 
Highly 
Weathered 
 
 
Distinctly 
Weathered 
(see 
AS1726 
Definition 
below) 
The rock substance is affected by 
weathering to the extent that 
limonite staining or bleaching 
affects the whole rock substance 
and other signs of chemical or 
physical decomposition are 
evident. Porosity and strength is 
usually decreased compared to 
the fresh rock. The colour and 
strength of the fresh rock is no 
longer recognisable. 
 
MW Moderately 
Weathered 
The whole of the rock substance 
is discoloured, usually by iron 
staining or bleaching, to the 
extent that the colour of the fresh 
rock is no longer recognisable 
 
SW Slightly 
Weathered 
Rock is slightly discoloured but 
shows little or no change of 
strength from fresh rock  
 
FR Fresh Rock shows no sign of 
decomposition or staining 
 
“Distinctly Weathered: Rock strength usually changed by 
weathering. The rock may be highly discoloured, usually by 
iron staining. Porosity may be increased by leaching, or may 
be decreased due to the deposition of weathering products 
in pores.” (AS1726) 
ROCK STRENGTH 
 
Rock strength is described using AS1726 and ISRM - 
Commission on Standardisation of Laboratory and Field 
Tests, "Suggested method of determining the Uniaxial 
Compressive Strength of Rock materials and the Point Load 
Index", as follows: 
 
Term Symbol Point Load Index 
Is(50) (MPa) 
Extremely Low EL <0.03 
Very Low VL 0.03 to 0.1 
Low L 0.1 to 0.3 
Medium M 0.3 to 1 
High H 1 to 3 
Very High VH 3 to 10 
Extremely High EH >10 
 
FRACTURING/BEDDING THICKNESS 
 
Measured at right angles to defects of same set or bedding. 
 
Term Defect Spacing Bedding 
Fragmented 
<6 mm 
6 to 20 mm 
Thinly laminated 
Laminated 
Highly fractured-
very closely spaced 20 to 60 mm Very thin 
Fractured-closely 
spaced 0.06 to 0.2 m Thin 
Slightly fractured-
moderately spaced 0.2 to 0.6 m Medium 
Unbroken-widely 
spaced 0.6 to 2 m Thick 
Very widely spaced >2 m Very thick 
 
DEFECT DESCRIPTION 
 
Type: Definition: 
B Bedding 
BP Bedding Parting 
F Fault 
C Cleavage 
J Joint 
SZ Shear Zone 
DB Drill Break 
 
Planarity: Roughness: 
P – Planar R – Rough 
Ir – Irregular S – Smooth 
St – Stepped Sl – Slickensides 
U – Undulating Po – Polished 
 
 
Coating 
or Infill: 
Description 
Clean No visible coating or infilling 
Stain No visible coating or infilling but surfaces 
are discoloured by mineral staining 
Veneer A visible coating or infilling of soil or 
mineral substance but <1mm. If 
discontinuous over the plane, patchy 
veneer 
Coating A visible coating or infilling of soil or 
mineral substance, >1mm thick. 
Composition and thickness are described 
 
The inclinations of defects are measured from 
perpendicular to the core axis. 
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Uranium Thorium age determination laboratory TIMS data, as supplied by the laboratory
Radiogenic Isotope Facility, Centre for Microscopy and Microanalysis, The University of Queensland 
Sample Name U (ppm) ±2s
232Th (ppb)
±2s
(230Th/ 
232Th)
 
(232Th/ 
238U)
(230Th/ 
238U) ±2s
(234U/ 
238U) ±2s
uncor r . 
230Th Age 
(ka) ±2s
cor r . 
230Th Age 
(ka) ±2s
cor r . 
I nit ial 
(234U/ 
238U) ±2s
BLANK 0.000002 5.46E-09 0.0100585 0.0001667 15.497 1.6221726 25.1389 1.4766607 -0.6037 -0.0043 #NUM! #NUM! #NUM! #NUM! #NUM! #NUM! #NUM!
MA01 2.558137 0.0036735 0.272857 0.0024142 1900.865 3.515E-05 0.0668 0.0006226 1.1461 0.0015 6.525 0.063 6.523 0.063 1.1488 0.0016 -0.13 0.97
MA02 2.692274 0.0036992 0.1452017 0.0008947 3853.264 1.778E-05 0.0685 0.0003493 1.1480 0.0014 6.681 0.036 6.680 0.036 1.1509 0.0014 -0.22 0.54
WM02 (0.25-0.35) 3.313702 0.0039499 0.3521288 0.0031959 1768.184 3.502E-05 0.0619 0.0003683 1.1455 0.0010 6.037 0.037 6.034 0.037 1.1480 0.0010 -0.13 0.62
WM02 (0.9-1.0) 3.340492 0.0057056 1.6006021 0.0179139 402.149 0.0001579 0.0635 0.0005895 1.1390 0.0016 6.232 0.060 6.220 0.060 1.1415 0.0016 -0.13 0.97
WM02 (1.4-1.6) 3.874013 0.0065006 0.1118942 0.0006747 7186.786 9.519E-06 0.0684 0.0003031 1.1406 0.0013 6.719 0.032 6.718 0.032 1.1433 0.0014 -0.25 0.47
WM04 (0.6-0.7) 2.958949 0.0042786 0.5109408 0.0022287 1200.286 5.691E-05 0.0683 0.0006607 1.1401 0.0017 6.711 0.068 6.707 0.068 1.1428 0.0017 -0.13 1.01
WM06 (0.4-0.5) 3.566714 0.0057067 2.3176977 0.0216334 319.435 0.0002142 0.0684 0.0004672 1.1417 0.0014 6.712 0.048 6.695 0.049 1.1445 0.0015 -0.17 0.73
WM07 (2.3-2.5) 3.677356 0.0056925 0.4398886 0.003564 1811.096 3.942E-05 0.0714 0.000308 1.1439 0.0013 7.000 0.032 6.997 0.032 1.1468 0.0014 -0.25 0.46
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REEF FLAT CROSS SECTION DEPTH 
MEASUREMENTS 
  
 
 
 
     
System: WGS84 
            
27-Sep-09 
 
10:20 to 10:40 AM 
         
             Tide height at 10:30 AM at Brisbane Bar: 0.87m (above 
LAT) 
        
AHD at Wellington Point 1.33m above LAT 
         
AHD water at 10:30AM:  
 
-0.46 m -0.5 
       
  Cross section 1       
 
  Cross section 2       
Point Easting Northing Depth 
RL 
(AHD) 
RL 
(LAT) 
 
Point Easting Northing Depth 
RL 
(AHD) 
RL 
(LAT) 
            
 
            
WM01 523356  6962725   -0.8 0.5 
 
1 524061 6963222 1.4 -1.9 -0.6 
-20 523717 6962922 1.3 -1.5 -0.2 
 
2 524072 6963237 1.7 -2.2 -0.9 
-19 523757 6962943 1.4 -1.6 -0.3 
 
3 524085 6963235 1.6 -2.1 -0.8 
-18 523787 6962960 1.4 -1.6 -0.3 
 
4 524094 6963232 1.6 -2.1 -0.8 
-17 523833 6962972 1.4 -1.6 -0.3 
 
5 524109 6963228 1.5 -2.0 -0.7 
-16 523842 6962966 1.4 -1.6 -0.3 
 
6 524118 6963225 1.5 -2.0 -0.7 
-15 523883 6962987 1.4 -1.6 -0.3 
 
7 524128 6963225 1.6 -2.1 -0.8 
-14 523915 6962993 1.5 -1.7 -0.4 
 
8 524139 6963225 1.6 -2.1 -0.8 
-13 523928 6962999 1.6 -1.8 -0.5 
 
9 524149 6963226 1.7 -2.2 -0.9 
-12 523936 6963002 1.7 -1.9 -0.6 
 
10 524161 6963228 1.7 -2.2 -0.9 
-11 523955 6963009 1.5 -1.7 -0.4 
 
11 524171 6963231 1.8 -2.3 -1.0 
-10 523965 6963011 1.6 -1.8 -0.5 
 
12 524182 6963235 1.9 -2.4 -1.1 
-9 523973 6963013 1.5 -1.7 -0.4 
 
13 524189 6963239 1.9 -2.4 -1.1 
-8 523994 6963012 1.5 -1.7 -0.4 
 
14 524202 6963243 1.9 -2.4 -1.1 
-7 523998 6963011 1.5 -1.7 -0.4 
 
15 524213 6963245 1.9 -2.4 -1.1 
-6 524006 6963015 1.6 -1.8 -0.5 
 
16 524221 6963249 2.0 -2.5 -1.2 
-5 524010 6963014 1.6 -1.8 -0.5 
 
17 524232 6963252 2.0 -2.5 -1.2 
-4 524013 6963014 1.6 -1.8 -0.5 
 
18 524244 6963255 2.0 -2.5 -1.2 
-3 524070 6963014 1.7 -1.9 -0.6 
 
19 524253 6963258 2.3 -2.8 -1.5 
-2 524077 6963015 1.6 -1.8 -0.5 
 
20 524264 6963263 2.2 -2.7 -1.4 
-1 524083 6963017 1.7 -1.9 -0.6 
 
21 524273 6963267 2.5 -3.0 -1.7 
1 524068 6963007 1.3 -1.8 -0.5 
 
22 524287 6963272 2.7 -3.2 -1.9 
2 524189 6963047 1.7 -2.2 -0.9 
 
23 524296 6963276 2.8 -3.3 -2.0 
3 524210 6963046 1.8 -2.3 -1.0 
 
24 524305 6963285 3.4 -3.9 -2.6 
4 524224 6963042 1.8 -2.3 -1.0 
 
25 524321 6963289 3.8 -3.8 -2.5 
5 524249 6963039 1.9 -2.4 -1.1 
 
26 524333 6963293 4.2 -4.7 -3.4 
6 524263 6963038 1.9 -2.4 -1.1 
 
27 524345 6963300 4.5 -5.0 -3.7 
7 524276 6963034 2.0 -2.5 -1.2 
 
28 524364 6963307 4.8 -5.3 -4.0 
8 524287 6963030 1.9 -2.4 -1.1 
 
29 524372 6963314 5.1 -5.6 -4.3 
9 524299 6963027 2.0 -2.5 -1.2 
 
30 524391 6963319 5.5 -6.0 -4.7 
10 524326 6963017 2.0 -2.5 -1.2 
 
31 524403 6963321 5.8 -6.3 -5.0 
11 524339 6963013 2.1 -2.6 -1.3 
 
32 524419 6963322 6.0 -6.5 -5.2 
12 524349 6963011 2.3 -2.8 -1.5 
 
33 524445 6963322 6.3 -6.8 -5.5 
13 524359 6963009 2.3 -2.8 -1.5 
 
34 524455 6963322 6.4 -6.9 -5.6 
Point Easting Northing Depth 
RL 
(AHD) 
RL 
(LAT) 
 
Point Easting Northing Depth 
RL 
(AHD) 
RL 
(LAT) 
14 524372 6963006 2.4 -2.9 -1.6 
 
35 524469 6963322 6.3 -6.8 -5.5 
15 524381 6963002 2.5 -3.0 -1.7 
 
36 524481 6963322 6.5 -7.6 -6.3 
16 524392 6962998 2.3 -2.8 -1.5 
 
37 524495 6963322 6.6 -7.1 -5.8 
17 524407 6962992 2.5 -3.0 -1.7 
       
18 524419 6962958 2.7 -3.2 -1.9 
       
19 524437 6962982 2.9 -3.4 -2.1 
       
20 524446 6962978 2.9 -3.4 -2.1 
       
21 524460 6962974 3.4 -3.9 -2.6 
       
22 524474 6962973 4.2 -4.7 -3.4 
       
23 524489 6962975 4.7 -5.2 -3.9 
       
24 524503 6962978 4.8 -5.3 -4.0 
       
25 524515 6962982 5.1 -5.6 -4.3 
       
26 524527 6962982 5.1 -5.6 -4.3 
       
27 524543 6962978 5.2 -5.7 -4.4 
       
28 524555 6962970 5.3 -5.8 -4.5 
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Water temperature data supplied from Moreton Bay Community Seagrass Watch Group 
Waterloo Bay, Lota Site 2, Data Logger DS1921 
Time period: 21 August 2006 to 28 July 2007. Data record point every 4 hours. 
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Water Quality Data 
Source: EHMP – Healthy Waterways Queensland 
Period: 29/02/2000 – 7/03/2011 
Location: site 406 at E-27.445833/N153.231667 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
       29/02/2000 0.250 35.609154 1.800 8.18 24.70 0 
29/02/2000 1.950 35.609154 1.800 8.18 24.70 0 
29/02/2000 4.000 35.628685 1.800 8.18 24.70 0 
29/02/2000 4.700 35.534084 1.800 8.19 24.70 0 
30/03/2000 0.200 36.065536 5.000 8.20 25.90 0 
30/03/2000 2.000 36.083664 5.000 8.25 25.90 0 
30/03/2000 4.000 36.065536 5.000 8.25 25.90 0 
30/03/2000 6.000 35.990047 5.000 8.25 25.80 1 
16/05/2000 0.250 35.321000 3.000 8.29 20.40 2 
16/05/2000 2.000 35.299000 3.000 8.27 20.40 2 
16/05/2000 3.950 35.321000 3.000 8.27 20.40 2 
16/05/2000 6.050 35.299000 3.000 8.27 20.40 2 
    
8.28 20.40 2 
14/06/2000 0.200 35.295780 3.000 8.33 15.80 1 
14/06/2000 2.000 35.295780 3.000 8.33 15.80 1 
14/06/2000 3.650 35.319730 3.000 8.33 15.80 1 
       19/07/2000 0.300 35.300000 6.000 8.30 16.30 5 
19/07/2000 2.000 35.400000 6.000 8.31 16.00 1 
19/07/2000 4.000 35.400000 6.000 8.31 15.90 1 
19/07/2000 5.950 35.500000 6.000 8.31 15.80 1 
       10/08/2000 0.250 35.400000 3.200 8.27 17.80 2 
10/08/2000 1.900 35.300000 3.200 8.27 17.70 2 
10/08/2000 4.000 35.300000 3.200 8.27 17.70 2 
       15/09/2000 0.250 36.000000 5.500 8.29 19.40 3 
15/09/2000 1.950 36.000000 5.500 8.29 19.30 2 
15/09/2000 4.000 35.900000 5.500 8.29 19.30 2 
15/09/2000 5.100 35.900000 5.500 8.29 19.30 2 
10/10/2000 0.200 36.400000 1.600 8.29 23.70 4 
10/10/2000 2.000 37.200000 1.600 8.25 23.60 4 
10/10/2000 4.000 37.100000 1.600 8.25 23.60 5 
10/10/2000 5.500 37.200000 1.600 8.26 23.60 5 
07/11/2000 0.200 36.000000 2.400 8.31 22.90 3 
07/11/2000 2.000 36.000000 2.400 8.32 22.90 3 
07/11/2000 4.000 36.100000 2.400 8.33 22.80 3 
07/11/2000 6.000 36.000000 2.400 8.34 22.80 3 
08/12/2000 0.209 36.000000 2.400 8.19 25.62 2 
08/12/2000 2.029 36.100000 2.400 8.19 25.65 3 
08/12/2000 3.996 36.000000 2.400 8.19 25.65 3 
08/12/2000 6.089 36.100000 2.400 8.19 25.65 3 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
11/01/2001 0.200 36.300000 2.400 8.30 26.10 3 
11/01/2001 2.000 36.300000 2.400 8.30 26.10 3 
11/01/2001 4.000 36.300000 2.400 8.31 25.90 2 
11/01/2001 6.000 36.300000 2.400 8.30 25.90 2 
11/01/2001 7.500 36.300000 2.400 8.30 25.80 2 
12/02/2001 0.450 33.800000 2.600 7.99 27.30 2 
12/02/2001 2.150 33.800000 2.600 7.99 27.20 3 
12/02/2001 3.950 34.100000 2.600 7.98 27.20 2 
12/02/2001 6.150 34.000000 2.600 7.97 27.10 3 
09/03/2001 0.250 35.300000 1.800 8.15 25.20 5 
09/03/2001 2.050 35.300000 1.800 8.16 24.80 6 
09/03/2001 3.950 35.300000 1.800 8.16 24.80 8 
09/03/2001 6.100 35.300000 1.800 8.15 24.80 7 
09/03/2001 7.550 35.300000 1.800 8.15 24.80 15 
06/04/2001 0.250 34.800000 1.900 8.21 22.90 5 
06/04/2001 1.700 34.800000 1.900 8.21 23.00 3 
06/04/2001 4.050 35.200000 1.900 8.24 23.30 3 
06/04/2001 5.400 35.200000 1.900 8.25 23.40 3 
25/05/2001 0.209 35.200000 4.100 8.27 19.10 1 
25/05/2001 2.000 35.200000 4.100 8.28 18.91 1 
25/05/2001 4.028 35.200000 4.100 8.28 18.50 2 
25/05/2001 6.000 35.200000 4.100 8.27 18.27 1 
22/06/2001 0.208 35.000000 5.700 8.18 17.47 1 
22/06/2001 1.974 35.000000 5.700 8.17 17.46 1 
22/06/2001 3.959 35.000000 5.700 8.16 17.38 1 
22/06/2001 6.038 35.000000 5.700 8.15 16.82 1 
20/07/2001 0.239 35.900000 5.900 8.27 16.75 0 
20/07/2001 2.341 35.900000 5.900 8.27 16.71 0 
20/07/2001 4.049 35.900000 5.900 8.24 16.58 1 
20/07/2001 5.436 35.900000 5.900 8.27 16.51 1 
16/08/2001 0.200 36.100000 4.800 8.26 17.85 0 
16/08/2001 2.000 36.100000 4.800 8.26 17.85 1 
16/08/2001 4.000 36.100000 4.800 8.26 17.85 1 
16/08/2001 6.100 36.100000 4.800 8.26 17.85 1 
21/09/2001 0.200 36.200000 4.800 8.23 20.40 2 
21/09/2001 2.000 36.300000 4.800 8.23 20.40 3 
21/09/2001 4.000 36.400000 4.800 8.23 20.40 3 
21/09/2001 5.500 36.400000 4.800 8.23 20.40 3 
19/10/2001 0.200 36.700000 2.600 8.20 22.70 2 
19/10/2001 2.000 36.700000 2.600 8.10 22.70 1 
19/10/2001 4.000 36.700000 2.600 8.10 22.70 1 
19/10/2001 6.000 36.700000 2.600 8.10 22.60 1 
16/11/2001 0.200 36.200000 2.200 8.20 23.40 1 
16/11/2001 2.000 36.200000 2.200 8.20 23.30 1 
16/11/2001 4.000 36.200000 2.200 8.20 23.20 1 
14/12/2001 0.200 35.300000 2.400 8.14 26.30 2 
14/12/2001 2.000 35.300000 2.400 8.13 26.20 2 
14/12/2001 4.000 35.300000 2.400 8.13 26.10 1 
14/12/2001 6.000 35.300000 2.400 8.13 26.00 2 
14/01/2002 0.200 35.300000 1.300 8.10 28.50 8 
14/01/2002 2.000 35.300000 1.300 8.10 28.50 8 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
14/01/2002 4.000 35.300000 1.300 8.10 28.40 8 
14/01/2002 6.000 35.400000 1.300 8.10 28.30 9 
12/02/2002 0.200 35.767800 3.500 8.27 27.20 0 
12/02/2002 2.000 35.752700 3.500 8.26 27.20 1 
12/02/2002 4.000 35.750500 3.500 8.26 27.20 2 
12/02/2002 6.000 35.749700 3.500 8.26 27.20 3 
14/03/2002 0.200 36.000000 2.300 8.22 25.28 2 
14/03/2002 2.000 36.000000 2.300 8.22 25.29 2 
14/03/2002 4.000 36.000000 2.300 8.22 25.27 3 
14/03/2002 6.000 36.100000 2.300 8.21 25.21 2 
12/04/2002 0.200 35.666250 4.000 8.23 23.46 0 
12/04/2002 2.000 35.673770 4.000 8.23 23.44 0 
12/04/2002 4.000 35.673770 4.000 8.23 23.24 0 
12/04/2002 6.000 35.737680 4.000 8.20 23.15 1 
12/04/2002 6.500 35.773040 4.000 8.20 23.05 1 
15/05/2002 0.200 34.800000 2.600 8.21 21.03 1 
15/05/2002 2.000 34.800000 2.600 8.20 20.86 1 
15/05/2002 4.000 34.800000 2.600 8.20 20.86 1 
15/05/2002 6.000 34.800000 2.600 8.19 20.67 1 
15/05/2002 8.000 34.800000 2.600 8.19 20.58 1 
20/06/2002 0.200 33.900000 2.700 8.33 17.10 1 
20/06/2002 2.000 33.900000 2.700 8.32 17.10 1 
20/06/2002 4.000 33.900000 2.700 8.31 17.11 1 
20/06/2002 5.500 34.000000 2.700 8.31 17.13 1 
25/07/2002 0.200 35.791100 6.400 8.04 16.00 0 
25/07/2002 2.000 35.791100 6.400 8.03 15.98 0 
25/07/2002 4.000 35.791100 6.400 8.03 15.96 0 
25/07/2002 6.000 35.791100 6.400 8.03 15.96 0 
20/08/2002 0.200 35.548340 3.000 8.21 17.00 1 
20/08/2002 2.000 35.528830 3.000 8.20 17.00 1 
20/08/2002 4.000 35.522830 3.000 8.21 17.10 1 
20/08/2002 6.000 35.515320 3.000 8.20 17.10 1 
17/09/2002 0.200 35.600000 2.600 8.17 20.20 2 
17/09/2002 2.000 35.600000 2.600 8.17 20.20 2 
17/09/2002 4.000 35.600000 2.600 8.16 20.20 2 
15/10/2002 0.200 32.555430 1.700 8.28 22.59 5 
15/10/2002 2.000 32.565670 1.700 8.29 22.53 5 
15/10/2002 4.000 32.580300 1.700 8.29 22.52 5 
15/10/2002 6.000 32.590540 1.700 8.29 22.54 6 
20/11/2002 0.200 35.758740 2.700 8.22 24.34 1 
20/11/2002 2.000 35.756490 2.700 8.21 24.14 1 
20/11/2002 4.000 35.783580 2.700 8.20 23.86 1 
20/11/2002 6.000 35.786590 2.700 8.20 23.83 1 
16/12/2002 0.200 35.683540 1.600 8.17 27.05 3 
16/12/2002 2.000 35.660240 1.600 8.15 26.18 3 
16/12/2002 4.000 35.648220 1.600 8.14 26.02 3 
16/12/2002 6.000 35.659490 1.600 8.13 25.92 4 
09/01/2003 0.200 36.344720 1.100 8.19 25.75 7 
09/01/2003 2.000 36.353060 1.100 8.19 25.76 8 
09/01/2003 4.000 36.365190 1.100 8.19 25.73 9 
12/02/2003 0.200 35.627180 4.000 8.35 25.79 1 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
12/02/2003 2.000 35.599390 4.000 8.35 25.78 1 
12/02/2003 4.000 35.585880 4.000 8.35 25.76 1 
12/02/2003 5.000 35.582870 4.000 8.35 25.73 2 
17/03/2003 0.200 34.573320 2.600 8.17 24.77 3 
17/03/2003 2.000 34.551030 2.600 8.19 24.76 3 
17/03/2003 4.000 34.558460 2.600 8.20 24.73 3 
17/03/2003 6.000 34.574060 2.600 8.22 24.70 3 
17/03/2003 7.500 34.562180 2.600 8.23 24.71 4 
22/04/2003 0.200 34.306200 3.000 8.33 21.90 2 
22/04/2003 2.000 34.302500 3.000 8.33 21.89 2 
22/04/2003 4.000 34.306200 3.000 8.33 21.87 2 
22/04/2003 5.000 34.301020 3.000 8.33 21.87 3 
19/05/2003 0.200 33.807050 3.900 8.15 21.47 0 
19/05/2003 2.000 33.857240 3.900 8.13 20.71 0 
19/05/2003 4.000 33.938480 3.900 8.13 20.73 0 
19/05/2003 6.000 34.026420 3.900 8.12 20.64 0 
19/05/2003 6.500 34.019030 3.900 8.12 20.63 2 
11/06/2003 0.200 33.961380 3.600 8.34 18.79 0 
11/06/2003 2.000 33.950300 3.600 8.34 18.75 0 
11/06/2003 4.000 33.891950 3.600 8.33 18.72 0 
11/06/2003 6.000 33.902280 3.600 8.33 18.73 0 
16/07/2003 0.200 34.461200 5.200 8.35 17.80 0 
16/07/2003 2.000 34.485690 5.200 8.33 17.41 0 
16/07/2003 4.000 34.498310 5.200 8.31 17.36 0 
16/07/2003 6.000 34.470100 5.200 8.30 17.21 0 
14/08/2003 0.200 35.399120 2.700 8.24 18.36 3 
14/08/2003 2.000 35.403610 2.700 8.23 18.27 2 
14/08/2003 4.000 35.402110 2.700 8.22 18.05 3 
14/08/2003 6.000 35.403610 2.700 8.22 18.04 3 
12/09/2003 0.200 35.636200 2.500 8.13 21.03 2 
12/09/2003 2.000 35.625680 2.500 8.13 20.80 2 
12/09/2003 4.000 35.624180 2.500 8.13 20.76 2 
12/09/2003 6.000 35.622670 2.500 8.13 20.74 2 
08/10/2003 0.200 35.911620 3.500 8.17 21.05 2 
08/10/2003 2.000 35.859620 3.500 8.17 20.85 2 
08/10/2003 4.000 35.829500 3.500 8.17 20.66 1 
08/10/2003 6.000 35.809920 3.500 8.17 20.60 2 
07/11/2003 0.200 35.435090 4.600 8.13 23.11 2 
07/11/2003 2.000 35.436590 4.600 8.13 23.10 1 
07/11/2003 4.000 35.435090 4.600 8.13 23.09 1 
07/11/2003 6.000 35.435090 4.600 8.13 23.07 2 
10/12/2003 0.200 36.378840 3.200 8.18 25.54 0 
10/12/2003 2.000 36.364430 3.200 8.17 25.18 1 
10/12/2003 4.000 36.428150 3.200 8.17 25.03 1 
10/12/2003 6.000 36.413730 3.200 8.16 24.92 1 
23/01/2004 0.200 36.243980 2.800 8.18 28.13 1 
23/01/2004 2.000 36.250790 2.800 8.16 27.45 3 
23/01/2004 4.000 36.171340 2.800 8.14 26.94 5 
23/01/2004 6.000 36.196300 2.800 8.15 26.92 6 
19/02/2004 0.200 36.017220 2.000 8.20 29.00 4 
19/02/2004 2.000 36.092730 2.000 8.20 29.00 4 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
19/02/2004 4.000 36.168320 2.000 8.20 29.00 5 
19/02/2004 6.000 36.168320 2.000 8.20 28.70 7 
18/03/2004 0.200 33.665450 2.000 8.13 26.80 3 
18/03/2004 2.000 33.670610 2.000 8.11 26.57 3 
18/03/2004 4.000 33.688300 2.000 8.11 26.50 3 
18/03/2004 6.000 33.784920 2.000 8.12 26.58 2 
15/04/2004 0.200 35.115590 3.800 8.30 23.83 1 
15/04/2004 2.000 35.114850 3.800 8.30 23.82 1 
15/04/2004 4.000 35.121570 3.800 8.30 23.80 1 
15/04/2004 5.500 35.138750 3.800 8.30 23.80 1 
17/05/2004 0.200 35.222470 6.500 8.21 20.02 1 
17/05/2004 2.000 35.218730 6.500 8.21 19.94 1 
17/05/2004 4.000 35.223960 6.500 8.21 19.94 0 
17/05/2004 6.000 35.265850 6.500 8.20 19.36 0 
17/06/2004 0.200 35.287550 5.200 8.24 18.01 0 
17/06/2004 2.000 35.263600 5.200 8.24 18.04 0 
17/06/2004 4.000 35.239670 5.200 8.24 18.04 0 
17/06/2004 6.000 35.352670 5.200 8.22 17.26 0 
15/07/2004 0.200 35.971190 2.800 8.23 16.78 0 
15/07/2004 2.000 35.965910 2.800 8.21 16.81 0 
15/07/2004 4.000 35.961380 2.800 8.21 16.80 0 
15/07/2004 5.000 35.956860 2.800 8.20 16.80 0 
18/08/2004 0.200 36.346240 5.700 8.26 16.64 0 
18/08/2004 2.000 36.351550 5.700 8.26 16.62 0 
18/08/2004 4.000 36.367470 5.700 8.26 16.61 0 
18/08/2004 6.000 36.390980 5.700 8.26 16.61 1 
13/09/2004 0.200 36.184950 4.800 8.26 19.07 0 
13/09/2004 2.000 36.248520 4.800 8.24 18.82 0 
13/09/2004 4.000 36.334110 4.800 8.22 18.39 0 
13/09/2004 5.000 36.335630 4.800 8.22 18.20 1 
14/10/2004 0.200 35.808420 1.500 8.19 23.65 5 
14/10/2004 2.000 35.828740 1.500 8.19 23.65 6 
14/10/2004 4.000 35.864140 1.500 8.19 23.53 8 
15/11/2004 0.200 35.325720 1.500 8.15 26.09 5 
15/11/2004 2.000 35.354920 1.500 8.15 25.97 3 
15/11/2004 4.000 35.318980 1.500 8.15 25.71 2 
15/11/2004 6.000 35.336950 1.500 8.15 25.66 2 
10/12/2004 0.200 33.579970 2.200 8.07 23.21 4 
10/12/2004 2.000 33.888250 2.200 8.07 23.23 5 
10/12/2004 4.000 34.234340 2.200 8.09 23.28 4 
10/12/2004 5.500 34.133660 2.200 8.09 23.29 4 
18/01/2005 0.200 35.462820 2.200 8.18 26.36 5 
18/01/2005 2.000 35.446330 2.200 8.18 26.33 5 
18/01/2005 4.000 35.416350 2.200 8.18 26.26 4 
18/01/2005 5.000 35.399860 2.200 8.18 26.20 4 
15/02/2005 0.200 35.258370 2.800 8.27 26.52 2 
15/02/2005 2.000 35.248640 2.800 8.27 26.29 2 
15/02/2005 4.000 35.219470 2.800 8.26 25.87 3 
15/02/2005 5.500 35.216480 2.800 8.21 25.42 4 
10/03/2005 0.200 35.950820 2.500 8.17 26.65 2 
10/03/2005 2.000 35.901820 2.500 8.17 26.23 3 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
10/03/2005 4.000 35.925940 2.500 8.16 26.17 5 
10/03/2005 6.000 35.923680 2.500 8.16 26.16 5 
10/03/2005 7.500 35.923680 2.500 8.16 26.15 5 
08/04/2005 0.200 36.321230 3.500 8.22 23.87 2 
08/04/2005 2.000 36.310620 3.500 8.22 23.84 2 
08/04/2005 4.000 36.315170 3.500 8.22 23.81 2 
08/04/2005 6.000 36.444850 3.500 8.20 23.71 2 
10/05/2005 0.200 33.877920 3.600 8.15 20.93 1 
10/05/2005 2.000 33.926660 3.600 8.13 20.94 1 
10/05/2005 4.000 33.963600 3.600 8.13 20.96 1 
10/05/2005 6.000 34.002030 3.600 8.14 21.01 1 
07/06/2005 0.200 34.647640 4.800 8.24 18.76 0 
07/06/2005 2.000 34.672170 4.800 8.24 18.77 0 
07/06/2005 4.000 34.687040 4.800 8.23 18.78 0 
07/06/2005 6.000 34.669200 4.800 8.23 18.79 0 
07/07/2005 0.200 33.173240 3.500 8.34 18.06 2 
07/07/2005 2.000 33.211430 3.500 8.33 18.01 2 
07/07/2005 4.000 33.251110 3.500 8.33 18.01 1 
07/07/2005 5.500 33.267270 3.500 8.33 18.01 1 
04/08/2005 0.200 34.327700 6.000 8.27 18.39 1 
04/08/2005 2.000 34.344010 6.000 8.26 18.34 0 
04/08/2005 4.000 34.382560 6.000 8.26 18.32 0 
04/08/2005 6.000 34.387750 6.000 8.26 18.33 1 
07/09/2005 0.200 34.288420 4.500 8.16 19.81 0 
07/09/2005 2.000 34.272860 4.500 8.17 19.58 0 
07/09/2005 4.000 34.235080 4.500 8.17 19.51 1 
07/09/2005 5.500 34.225460 4.500 8.16 19.46 0 
18/10/2005 0.200 35.549090 1.500 8.10 22.82 5 
18/10/2005 2.000 35.567860 1.500 8.10 22.82 5 
18/10/2005 4.000 35.609910 1.500 8.10 22.83 6 
18/10/2005 5.000 35.649720 1.500 8.11 22.85 5 
16/11/2005 0.200 35.985520 1.300 8.34 25.14 6 
16/11/2005 2.000 35.984770 1.300 8.34 25.10 6 
16/11/2005 4.000 35.946300 1.300 8.33 25.06 7 
16/11/2005 6.000 35.968170 1.300 8.33 25.01 7 
15/12/2005 0.200 34.556980 2.000 7.98 27.56 3 
15/12/2005 2.000 34.578520 2.000 7.98 27.57 3 
15/12/2005 4.000 34.558460 2.000 7.98 27.46 3 
15/12/2005 6.000 34.516870 2.000 7.98 27.42 6 
12/01/2006 0.200 34.298050 1.500 8.10 28.90 6 
12/01/2006 2.000 34.594860 1.500 8.10 28.50 6 
12/01/2006 4.000 34.669200 1.500 8.10 28.30 5 
12/01/2006 6.000 34.669200 1.500 8.10 28.30 5 
12/01/2006 7.000 34.743580 1.500 8.10 28.30 5 
10/02/2006 0.200 35.243410 1.200 8.14 27.61 8 
10/02/2006 2.000 35.228450 1.200 8.14 27.21 10 
10/02/2006 4.000 35.213490 1.200 8.14 27.19 10 
10/02/2006 5.000 35.213490 1.200 8.14 27.19 11 
14/03/2006 0.200 34.297310 1.900 8.16 26.07 5 
14/03/2006 2.000 34.320290 1.900 8.15 25.62 3 
14/03/2006 4.000 34.318060 1.900 8.14 25.56 3 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
14/03/2006 5.000 34.326960 1.900 8.14 25.56 2 
12/04/2006 0.200 35.519080 3.200 8.14 23.50 2 
12/04/2006 2.000 35.519830 3.200 8.14 23.19 2 
12/04/2006 4.000 35.472570 3.200 8.13 23.09 2 
12/04/2006 6.000 35.486070 3.200 8.13 23.06 2 
12/05/2006 0.200 36.063270 4.000 8.23 20.80 2 
12/05/2006 2.000 36.070820 4.000 8.23 20.78 2 
12/05/2006 4.000 36.080640 4.000 8.23 20.77 1 
12/05/2006 5.500 36.078380 4.000 8.23 20.75 1 
09/06/2006 0.200 35.954590 5.800 8.22 17.44 0 
09/06/2006 2.000 35.956100 5.800 8.21 17.46 0 
09/06/2006 4.000 35.954590 5.800 8.21 17.49 0 
09/06/2006 5.500 35.945540 5.800 8.21 17.51 1 
11/07/2006 0.200 34.984220 4.800 8.22 17.14 1 
11/07/2006 2.000 34.945440 4.800 8.21 17.10 1 
11/07/2006 4.000 34.935000 4.800 8.20 17.10 1 
11/07/2006 6.000 34.934260 4.800 8.20 17.12 1 
10/08/2006 0.200 35.090950 2.800 8.13 16.72 2 
10/08/2006 2.000 35.083480 2.800 8.12 16.72 2 
10/08/2006 4.000 35.083480 2.800 8.12 16.72 1 
10/08/2006 5.500 35.080490 2.800 8.12 16.72 2 
08/09/2006 0.200 35.171630 1.600 7.87 20.06 5 
08/09/2006 2.000 35.289040 1.600 7.86 20.05 6 
08/09/2006 4.000 35.286050 1.600 7.87 20.01 6 
08/09/2006 5.000 35.304760 1.600 7.87 19.97 6 
11/10/2006 0.200 35.735420 1.500 8.18 21.45 4 
11/10/2006 2.000 35.735420 1.500 8.18 21.45 5 
11/10/2006 4.000 35.738430 1.500 8.18 21.44 5 
11/10/2006 5.500 35.731660 1.500 8.18 21.44 4 
17/11/2006 0.200 36.276530 1.600 8.16 23.33 5 
17/11/2006 2.000 36.229600 1.600 8.16 23.19 6 
17/11/2006 4.000 36.160000 1.600 8.16 22.79 6 
17/11/2006 5.000 36.129000 1.600 8.13 21.76 7 
19/12/2006 0.200 36.661500 2.500 8.20 25.16 2 
19/12/2006 2.000 36.722430 2.500 8.15 25.16 3 
19/12/2006 4.000 36.745290 2.500 8.14 24.92 3 
19/12/2006 6.000 36.890280 2.500 8.10 23.86 4 
18/01/2007 0.200 37.021030 2.500 8.47 26.81 2 
18/01/2007 2.000 37.049350 2.500 8.46 26.79 2 
18/01/2007 4.000 37.047820 2.500 8.46 26.66 2 
18/01/2007 6.000 37.073860 2.500 8.44 26.60 2 
16/02/2007 0.200 36.619640 1.200 8.14 26.35 7 
16/02/2007 2.000 36.643230 1.200 8.15 26.37 6 
16/02/2007 4.000 36.689670 1.200 8.15 26.41 6 
16/02/2007 6.000 36.720910 1.200 8.15 26.42 5 
20/03/2007 0.200 36.554230 2.000 8.02 26.73 4 
20/03/2007 2.000 36.539790 2.000 8.02 26.71 4 
20/03/2007 4.000 36.527630 2.000 8.02 26.70 5 
20/03/2007 6.000 36.540550 2.000 8.02 26.70 5 
19/04/2007 0.200 36.269720 3.300 8.00 24.34 1 
19/04/2007 2.000 36.209920 3.300 7.99 23.60 3 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
19/04/2007 4.000 36.196300 3.300 7.99 23.55 2 
19/04/2007 6.000 36.198570 3.300 7.99 23.53 1 
17/05/2007 0.200 36.729290 5.000 8.14 23.02 1 
17/05/2007 2.000 36.706430 5.000 8.13 22.49 1 
17/05/2007 4.000 36.679010 5.000 8.12 22.34 1 
17/05/2007 6.000 36.701860 5.000 8.12 22.34 1 
18/06/2007 0.200 35.087960 6.500 8.33 16.72 0 
18/06/2007 2.000 35.099160 6.500 8.32 16.75 0 
18/06/2007 4.000 35.105880 6.500 8.30 16.78 0 
18/06/2007 6.000 35.076010 6.500 8.29 16.85 0 
18/06/2007 6.500 35.085720 6.500 8.29 16.85 0 
16/07/2007 0.200 35.417850 7.200 8.17 14.23 0 
16/07/2007 2.000 35.479320 7.200 8.15 13.87 0 
16/07/2007 4.000 35.462820 7.200 8.15 13.55 1 
16/07/2007 6.000 35.470320 7.200 8.14 13.29 1 
16/07/2007 7.000 35.482320 7.200 8.15 13.25 1 
14/08/2007 0.200 36.271990 4.600 8.08 18.06 1 
14/08/2007 2.000 36.268200 4.600 8.08 18.03 1 
14/08/2007 4.000 36.260630 4.600 8.08 17.99 1 
14/08/2007 6.000 36.262150 4.600 8.07 17.94 1 
12/09/2007 0.200 34.552520 1.500 8.17 19.83 7 
12/09/2007 2.000 34.547320 1.500 8.16 19.68 9 
12/09/2007 4.000 34.530980 1.500 8.15 19.61 8 
12/09/2007 6.000 34.532470 1.500 8.15 19.55 9 
11/10/2007 0.200 35.559600 2.100 8.25 24.02 2 
11/10/2007 2.000 35.569360 2.100 8.25 23.98 3 
11/10/2007 4.000 35.570110 2.100 8.25 23.93 3 
11/10/2007 6.000 35.507070 2.100 8.23 23.72 3 
09/11/2007 0.200 35.956665 2.500 8.20 23.15 3 
09/11/2007 2.000 35.970665 2.500 8.20 23.06 2 
09/11/2007 4.000 35.964670 2.500 8.20 23.03 3 
09/11/2007 6.000 35.948666 2.500 8.20 22.97 3 
07/12/2007 0.200 36.072330 1.900 8.09 27.14 2 
07/12/2007 2.000 36.039860 1.900 8.07 26.58 3 
07/12/2007 4.000 36.024760 1.900 8.06 26.47 3 
07/12/2007 6.000 36.000610 1.900 8.02 26.37 4 
07/12/2007 7.000 36.012690 1.900 8.04 26.31 3 
10/01/2008 0.200 33.066050 1.500 8.22 25.35 7 
10/01/2008 2.000 33.108620 1.500 8.21 25.34 6 
10/01/2008 4.000 33.779750 1.500 8.25 25.36 4 
10/01/2008 6.000 34.093710 1.500 8.25 25.35 3 
07/02/2008 0.200 25.412170 1.400 8.29 28.99 10 
07/02/2008 2.000 34.394430 1.400 8.27 26.45 6 
07/02/2008 4.000 34.458230 1.400 8.26 26.39 5 
07/02/2008 6.000 34.496830 1.400 8.26 26.42 6 
07/03/2008 0.200 34.702660 2.400 8.29 24.15 2 
07/03/2008 2.000 34.691510 2.400 8.29 24.05 2 
07/03/2008 4.000 34.821000 2.400 8.29 23.89 2 
07/03/2008 6.000 34.888790 2.400 8.29 23.96 2 
08/04/2008 0.200 35.489070 2.000 8.22 21.40 2 
08/04/2008 2.000 35.499570 2.000 8.22 21.37 3 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
08/04/2008 4.000 35.495070 2.000 8.22 21.35 2 
08/04/2008 5.500 35.463570 2.000 8.22 21.32 2 
19/05/2008 0.200 35.961380 3.000 8.18 18.98 2 
19/05/2008 2.000 35.979490 3.000 8.17 19.00 2 
19/05/2008 4.000 35.964400 3.000 8.17 18.98 2 
19/05/2008 6.000 35.993820 3.000 8.16 18.71 2 
18/06/2008 0.200 34.222490 2.800 8.07 18.33 2 
18/06/2008 2.000 34.235080 2.800 8.04 18.33 2 
18/06/2008 4.000 34.276560 2.800 8.03 18.36 2 
18/07/2008 0.200 34.519100 3.700 8.25 17.42 2 
18/07/2008 2.000 34.536180 3.700 8.21 17.31 2 
18/07/2008 4.000 34.556980 3.700 8.19 17.27 1 
18/07/2008 6.000 34.586690 3.700 8.18 17.24 1 
19/08/2008 0.200 35.096170 4.500 8.27 14.80 1 
19/08/2008 2.000 35.107380 4.500 8.25 14.79 1 
19/08/2008 4.000 35.099160 4.500 8.24 14.80 1 
19/08/2008 6.000 35.102150 4.500 8.23 14.82 4 
17/09/2008 0.200 35.150710 2.500 8.20 20.65 3 
17/09/2008 2.000 35.130530 2.500 8.16 20.71 3 
17/09/2008 4.000 35.113350 2.500 8.15 20.72 4 
17/09/2008 5.500 35.113350 2.500 8.15 20.73 5 
15/10/2008 0.200 35.062570 1.700 7.83 22.97 5 
15/10/2008 2.000 35.055860 1.700 7.82 22.82 4 
15/10/2008 4.000 35.042420 1.700 7.82 22.69 4 
15/10/2008 6.000 35.049880 1.700 7.81 22.61 6 
19/11/2008 0.200 35.402110 2.000 8.10 23.84 2 
19/11/2008 2.000 35.573860 2.000 8.07 23.44 3 
19/11/2008 4.000 35.575360 2.000 8.06 23.42 3 
19/11/2008 6.000 35.567860 2.000 8.05 23.43 4 
19/11/2008 7.000 35.561850 2.000 8.05 23.43 5 
08/12/2008 0.200 32.855590 1.600 8.08 26.05 4 
08/12/2008 2.000 32.868780 1.600 8.07 26.07 4 
08/12/2008 4.000 32.894430 1.600 8.07 26.05 4 
09/01/2009 0.200 34.817280 1.600 8.23 26.55 8 
09/01/2009 2.000 34.854520 1.600 8.21 26.56 5 
09/01/2009 4.000 34.853030 1.600 8.23 26.55 5 
09/01/2009 6.000 34.846320 1.600 8.23 26.52 6 
11/02/2009 0.200 35.980990 1.400 8.18 28.75 9 
11/02/2009 2.000 36.017970 1.400 8.19 28.74 11 
11/02/2009 4.000 35.996080 1.400 8.18 28.71 10 
11/02/2009 6.000 35.998350 1.400 8.19 28.72 10 
11/02/2009 7.000 36.001370 1.400 8.19 28.71 10 
11/03/2009 0.200 35.097670 1.100 8.02 25.14 9 
11/03/2009 2.000 35.126800 1.100 8.00 24.98 11 
11/03/2009 4.000 35.175370 1.100 7.96 24.55 20 
11/03/2009 6.000 35.173120 1.100 7.96 24.57 21 
08/04/2009 0.200 33.306960 1.400 8.08 23.52 6 
08/04/2009 2.000 33.269480 1.400 8.11 23.75 7 
08/04/2009 4.000 33.294470 1.400 8.10 23.67 7 
08/04/2009 5.500 33.241550 1.400 8.11 23.76 8 
11/05/2009 0.200 34.395170 5.000 8.41 20.72 0 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
11/05/2009 2.000 34.443390 5.000 8.40 20.73 0 
11/05/2009 4.000 34.478270 5.000 8.39 20.70 0 
11/05/2009 6.000 34.453040 5.000 8.39 20.68 0 
11/05/2009 6.500 34.450070 5.000 8.39 20.69 1 
10/06/2009 0.200 32.578830 4.500 8.19 18.14 1 
10/06/2009 2.000 32.562740 4.500 8.16 18.17 1 
10/06/2009 4.000 32.532020 4.500 8.15 18.11 1 
10/06/2009 6.000 32.487420 4.500 8.14 17.86 1 
08/07/2009 0.200 32.733990 3.200 8.18 15.33 0 
08/07/2009 2.000 32.735450 3.200 8.15 15.33 0 
08/07/2009 4.000 32.731060 3.200 8.13 15.31 1 
08/07/2009 5.000 32.728860 3.200 8.13 15.30 0 
07/08/2009 0.200 33.563770 5.300 7.83 18.44 0 
07/08/2009 2.000 33.558610 5.300 7.79 18.00 0 
07/08/2009 4.000 33.528420 5.300 7.78 17.83 1 
07/08/2009 6.000 33.520320 5.300 7.76 17.67 1 
07/09/2009 0.200 34.387010 2.900 8.02 21.01 3 
07/09/2009 2.000 34.372180 2.900 7.97 21.02 1 
07/09/2009 4.000 34.352900 2.900 7.94 21.01 2 
07/09/2009 6.000 34.346230 2.900 7.93 21.01 1 
07/10/2009 0.200 35.545340 2.900 8.33 23.19 4 
07/10/2009 2.000 35.547590 2.900 8.31 23.19 2 
07/10/2009 4.000 35.537080 2.900 8.31 23.19 2 
06/11/2009 0.200 34.264710 2.300 8.20 25.04 2 
06/11/2009 2.000 34.276560 2.300 8.15 25.04 2 
06/11/2009 4.000 34.270640 2.300 8.15 25.02 2 
06/11/2009 6.000 34.251380 2.300 8.15 25.02 2 
04/12/2009 0.200 35.930460 1.900 8.27 25.83 3 
04/12/2009 2.000 35.896540 1.900 8.25 25.51 4 
04/12/2009 4.000 35.896540 1.900 8.25 25.18 4 
04/12/2009 6.000 35.882230 1.900 8.25 25.14 6 
15/01/2010 0.200 36.395530 2.500 8.40 28.50 1 
15/01/2010 2.000 36.395530 2.500 8.30 28.50 2 
15/01/2010 4.000 36.395530 2.500 8.30 28.30 2 
15/01/2010 5.500 36.395530 2.500 8.30 27.90 2 
11/02/2010 0.200 34.107030 1.000 8.00 27.98 4 
11/02/2010 2.000 34.113690 1.000 8.00 27.83 4 
11/02/2010 4.000 34.244710 1.000 7.98 27.39 6 
11/02/2010 6.000 34.406300 1.000 7.97 27.33 8 
05/03/2010 0.200 33.875700 1.100 8.21 25.14 5 
05/03/2010 2.000 33.863890 1.100 8.19 25.15 5 
05/03/2010 4.000 33.899330 1.100 8.18 25.14 5 
13/04/2010 0.200 34.871650 1.800 8.20 24.66 3 
13/04/2010 2.000 34.876870 1.800 8.19 24.65 2 
13/04/2010 4.000 34.843340 1.800 8.18 24.60 3 
13/04/2010 6.000 34.831430 1.800 8.17 24.59 4 
13/05/2010 0.200 34.655810 5.400 8.08 21.17 3 
13/05/2010 2.000 34.692250 5.400 8.04 21.15 3 
13/05/2010 4.000 34.703410 5.400 7.99 21.13 3 
13/05/2010 5.500 34.685560 5.400 7.97 21.13 4 
09/06/2010 0.200 34.279530 6.500 8.17 17.99 0 
Sample Date 
Depth Salinity 
Light 
Penetration 
pH 
Temperature Turbidity 
m ppt 
Secchi Depth 
°C NTU 
m 
09/06/2010 2.000 34.161790 6.500 8.15 18.15 0 
09/06/2010 4.000 33.435670 6.500 8.13 19.03 0 
09/06/2010 6.000 33.440820 6.500 8.13 19.09 1 
13/07/2010 0.200 35.148460 4.900 8.35 17.28 0 
13/07/2010 2.000 35.163410 4.900 8.31 17.20 0 
13/07/2010 4.000 35.150710 4.900 8.29 17.18 0 
13/07/2010 6.000 35.165650 4.900 8.27 17.16 0 
13/07/2010 7.000 35.146970 4.900 8.27 17.16 0 
19/08/2010 0.200 34.556980 6.400 8.48 17.06 2 
19/08/2010 2.000 34.548810 6.400 8.46 17.02 2 
19/08/2010 4.000 34.572580 6.400 8.46 17.00 2 
19/08/2010 6.000 34.550290 6.400 8.46 17.00 2 
10/09/2010 0.200 34.288420 0.800 8.07 20.45 11 
10/09/2010 2.000 34.311390 0.800 8.08 20.41 11 
10/09/2010 4.000 34.433740 0.800 8.08 20.26 9 
10/09/2010 6.000 34.499050 0.800 8.09 20.17 6 
06/10/2010 0.200 35.188820 4.800 8.07 22.34 1 
06/10/2010 2.000 35.095430 4.800 8.08 21.65 1 
06/10/2010 4.000 35.180600 4.800 8.10 21.47 1 
06/10/2010 5.500 35.115590 4.800 8.10 21.45 1 
10/11/2010 0.200 32.289420 2.100 8.12 23.83 3 
10/11/2010 2.000 32.304020 2.100 8.13 23.79 3 
10/11/2010 4.000 32.315710 2.100 8.13 23.76 3 
10/11/2010 6.000 32.374870 2.100 8.13 23.65 2 
07/12/2010 0.200 32.589810 1.500 8.13 24.59 7 
07/12/2010 2.000 32.598580 1.500 8.11 24.55 6 
07/12/2010 4.000 32.619070 1.500 8.10 24.43 5 
07/12/2010 6.000 32.720080 1.500 8.07 24.26 5 
20/01/2011 0.200 24.547280 1.400 8.34 27.89 5 
20/01/2011 2.000 25.254800 1.400 8.33 27.56 4 
20/01/2011 4.000 26.349280 1.400 8.32 27.13 3 
20/01/2011 6.000 26.753210 1.400 8.29 26.76 4 
17/02/2011 0.200 30.034060 1.300 8.16 27.22 9 
17/02/2011 2.000 27.575120 1.300 8.17 27.12 9 
17/02/2011 4.000 30.242120 1.300 8.19 27.07 6 
17/02/2011 6.000 30.311510 1.300 8.19 27.04 6 
07/03/2011 0.200 30.742790 0.700 8.21 24.91 10 
07/03/2011 2.000 30.742070 0.700 8.20 24.90 10 
07/03/2011 4.000 30.755110 0.700 8.20 24.90 11 
07/03/2011 6.000 30.908010 0.700 8.22 25.03 10 
 

 Appendices 153 
APPENDIX E: LABORATORY PSD TEST RESULTS 
 
 

Client :
Project :
Location :
Test Location:
Depth / Layer: 1 of 1
75.0 ~
53.0 ~
37.5 ~
26.5 ~
19.0 ~
13.2 ~
9.5 ~
6.7 100%
4.75 90%
2.36 71%
1.18 57%
0.600 46%
0.425 40%
0.300 23%
0.150 12%
0.075 10%
Description: .
Test Method(s): AS 1289.3.6.1 
Sampling Method(s): By Client
Remarks:
 Tested: Srdjan Jajcanin
 Checked: Laboratory Co-ordinator
  Results of Particle Size Distribution
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NATA Accredited Laboratory Number:  828
This Document is issued in accordance with NATA’s
 accreditation requirements. 
Accredited for compliance with ISO/IEC 17025
Douglas Partners Pty Ltd
ABN 75 053 980 117
www.douglaspartners.com.au
439 Montague Road
West End QLD 4101
Phone (07) 3237 8900
Fax (07) 3237 8999
Client :
Project :
Location :
Test Location:
Depth / Layer: 1 of 1
75.0 ~
53.0 ~
37.5 ~
26.5 ~
19.0 ~
13.2 ~
9.5 ~
6.7 100%
4.75 97%
2.36 91%
1.18 77%
0.600 52%
0.425 41%
0.300 28%
0.150 12%
0.075 7%
Description: .
Test Method(s): AS 1289.3.6.1 
Sampling Method(s): By Client
Remarks:
 Tested: Srdjan Jajcanin
 Checked: Laboratory Co-ordinator
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  Report No. :
Wellington Point
.
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Size 
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% 
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  Results of Particle Size Distribution
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NATA Accredited Laboratory Number:  828
This Document is issued in accordance with NATA’s
 accreditation requirements. 
Accredited for compliance with ISO/IEC 17025
Douglas Partners Pty Ltd
ABN 75 053 980 117
www.douglaspartners.com.au
439 Montague Road
West End QLD 4101
Phone (07) 3237 8900
Fax (07) 3237 8999
Douglas Partners Pty Ltd
ABN 75 053 980 117
439 Montague Road Phone
West End QLD 4101 Fax:
AUSTRALIA
Client : J Major
Project :
Location : Moreton Bay
Road No: - Sample / Pit No: .
Chainage: - Section / Lot No: -
1 of 1
75.0 ~
53.0 ~
37.5 ~
26.5 ~
19.0 ~
13.2 ~
9.5 ~
6.7 ~
4.75 100%
2.36 99%
1.18 99%
0.600 98%
0.425 97%
0.300 97%
0.150 93%
0.075 88%
Description: Clayey silt with some sand dark gray
Test Method(s): AS 1289.3.6.1 - 1995, AS 1289.3.6.3 - 1995
Sampling Method(s): Sampled by client
Remarks:  Sample location not supplied
Approved Signatory:
 Tested: Srdjan Jajcanin
 Checked: Senior Soil Technician
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